198S 


I  'I' 


} 


DUST  AVAILABILITY  IN  DESERT  TERRAINS 

A  STUDY  IN  THE  DP;SERTS  OF  ISRAEL  AND  THE  SINAI 

I'repared  by 

RAN  GERSON 

RIVKA  AMIT  SARI  GROSSMAN 

Inatitute  of  Eirth  Sciences 
The  Hebrew  University  of  Jerusslcm 
Jerusalem,  Israel 

for 

The  US  Army  Research,  Development  and  Standardisation  Group,  UK 
Contract  No.  l)AJA45-83 -C-OOtl 

KEY  WORDS 

Dust,  Desert,  Silt,  Clay,  Sand,  Soils,  Surficial  Deposits,  LanJforms,  Israel,  Negev,  Sinai, 
Middle  East 

ABSTRACT 

*^he  St  udy  deals  with  dust  in  desert  terrains  -■  its  composition,  distribution  and  the 
relation  to  landforms,  climate  and  age.  Most  of  the  dust  in  deserts  is  derived  from  soils 
and  surficial  deposits.  These,  in  turn,  are  associated  with  landforms  that  are  readily  iden¬ 
tifiable  on  airphotos  (and  in  many  cases  —  on  topographic  maps  and  space  imagery). 

Emphasis  is  placed  on  particle  site  distribution,  mineral  composition,  the  composition 
of  salts  and  the  distribution  with  depth.  The  interrelations  with  atmospheric  dust  in  and 
from  deserts  are  iinderllncH. 

The  largest  content  of  dust  is  found  in  loessial  soils,  Takyr  soils  and  the  thick  Reg  and 
Hammada  soils.  Young  gravelly  alluvium,  dune  sand  and  some  playa  soils  are  rather  poor 
in  dust  content.  The  thickness  of  the  continuous  dust-rich  layer  is  greatest  in  loessial  soils 
and  deposits  and  Takyr  soils.  The  thinest  dust  horiions  are  found  in  young  Reg  and  Hain- 
mada  soils. 

Salts  and  gypsum  arc  typical  constituents  in  desert  soils.  Usually  there  is  more  gyp¬ 
sum  than  salts.  Doth  show  in  the  dust  and  the  sand  fractions  and  their  content  increases 
with  soil  depth.  The  most  saline  are  Solonchak  and  Reg  soils.  The  least  saline  are  sand 
dune  soils,  young  gravelly  soils  and  loessial  soils  in  the  less  arid  environments. 

The  composition  and  distribution  of  the  dust-siied  materials  are  presented  in  quanti¬ 
tative  terms. 

Ground  cover/protection  is  of  several  types:  desert  pavement,  loessial  crusts,  biologic 
crusts  and  salt  crusts.  A  pmeedure  for  evnluaticr,  of  dust  '  vailabi lli,^  lii  desert  terrains 
accompanies  this  report. 
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PREFACE 


Dust  in  dsssrt  tsrralns  is  eoncsntrstmd  primsrily  in  soiis  snd  surneisi  dsposits, 
Ths  prmsmnt  study  dasis  mainly  with  thasa  two  madia.  Tha  dasarts  of  Isrsal  and 
Sinai  ara  simitar  in  many  aspacts,  such  as  iandforms.  daposits  and  soils,  to  othar 
hot  dasarts.  Tha  atudiad  tarrains  raprasant  —  in  principla  and  praetiea  —  many 
widaspraad  dasart  landscapas  Quantitativaiy,  thara  ara  eartainly  soma  JitTar- 
ancaa,  but  tha  raadar  may  usa  tha  raaults  of  tha  prasant  study  at  an  approximation 
for  simitar  tarraina  alawhara. 


hava  banahtad  eraatiy  from  tha  rataarch  and  analysis  prasantad  by  many 
eollaaguas  Wa  ara  grataful  aspacially  to  J.  Dan,  D  H  Yaalon.  H  Koyumdjisky  and 
£  Ganor  for  providing  data,  anatysas  and  tntarpratations  in  thair  studias  on  soils 
and  dust  Wa  hava  consulted  them  occasionally. 

Tha  help  of  several  collaborators  is  gladly  acknowledged:  U.  Amit,  for  data  pro¬ 
cessing  and  analysis;  T  Sophar  and  N.Z.  Baar,  for  drafting  tha  figures;  Ara'i 
Rosen,  for  assistance  in  the  held  and  in  the  laboratory,  Arlene  Rosen,  for  editing  a 
po’tion  of  the  present  report,  M  Frankal,  for  word-processing,  format  editing  and 
printing  of  this  volume 


PART  A.  INTRODUCTION 


A.l  SCOPE  AND  OBJECTIVES  OF  STUDY. 

The  pretent  •tudy  time  >t  aeiisting  a  planutr  to  evaluate  the  availability  of  duet  in  deiert 
terrain!  —  on  the  iurface  and  at  a  ehallow  depth.  Such  an  evaluation  ii  important  eepecially 
in  areal  for  which  there  li  no  direct  opportunity  to  examine  the  landicape  in  the  Held. 

Duet  in  deeerte  li  found  primarily  in  eurficlal  depoelte  and  in  aolli.  Such  depoeiti  and  loile 
are  cloiely  actociated  with  hoit-landforme.  Thete  landformi  may  be  readily  interpreted  and 
Identified  from  airphotoi,  apace  Imagery  and  inapi  which  are  often  available  for  unexplored  or 
inacceeiible  deaerta. 

Two  objeetivea  underlie  the  preient  etudy; 

1.  To  eetimate  or  evaluate  the  amount,  compoiition  and  dlatribution  of  duet  in  deeert  aoile 
and  eurficial  depuaita. 

2.  To  lay  the  foundation  for  a  procedure  for  evaluation  of  duet  availability  in  deeert  ter¬ 
rains. 

The  study  wa*  carried  out  in  the  deserts  of  southern  Israel  (the  Negev,  the  Dead  Sea  Rift, 
and  the  Judean  Deiert)  and  Sinai,  which  may  serve  as  a  model  for  other  deserts  (fig.  A.l). 

The  general  setting  of  the  selected  desert  region  it  as  follows: 

1.  Lithology  (the  lithoatratigraphy  1*  presented  in  fig.  A.2).  Southern  Israel,  most  of  the 
Sinai  and  southern  Jordan,  are  underlain  mainly  by  carbonate  rocks  —  limestones,  dolomites, 
chalke  and  marls  of  upper  Cretaceous  and  Tertiary  ages.  Shales  and  flints  are  exposed  in  cer¬ 
tain  (mostly  synclinal)  areas  Along  the  margins  of  the  Arava  (Rift)  Valley  there  are  expo¬ 
sures  of  sandstones  of  Paleoioic  to  lower  Cretaceoua  agei,  overlain  by  carbonate  rocks.  In  the 
southernmost  Negev,  eastern  and  southern  Sinai,  and  southwestern  Jordan  there  are  exposures 
of  igneous  and  metamorphic  rocks  of  Precambrian  age  —  granites,  dioiiles,  syenites,  various 
porphyritic  rocks,  gneisses  and  schists.  Fluviatile  gravel  is  widespretd  in  the  plains  of  the 
nouthern  Negev  and  the  Arava  Valley.  Dune  fields  are  located  in  the  northwestern  Negev  and 
loessial  terrains  are  typical  of  the  northern  margins  of  the  region.  A  pedologic  expression  of 
these  later  deposits  are  presented  in  the  soil  map,  fig.  A.3. 

2.  Physiography  and  relief.  The  gross  physiographic  features  of  the  Negev  and  the  Sinai 
are  related  to  the  following  elements  and  basic  conditions;  a.  Geologic  structure:  fault  escarp¬ 
ments  along  the  Arava  Rift  Valley  and  across  the  central  and  southern  Negev;  elevated  anticli¬ 
nal  ridges  and  synclinal  depressions;  inversions  of  relief  as  best  exemplified  in  the  deep,  escarp¬ 
ment  skirted,  erosion  cirques  at  the  cores  of  three  major  anticlinal  structures  (plate  7A); 
plateaus,  built  of  flat  lying  limestones  (plates  IB,  7A),  b.  Stream  valleys  and  hillslopes  of 
mountaineous  (>200m  in  relief  and  >20°  in  gradient)  or  hilly  nature  (20-200  m  in  relief  and 
<20°  in  gradient;  plate  8  A-C)  Theae  are  erotional  features  which  are  expressed  in  all  types  of 
cohesive  rocks  (plates  7-8).  c.  Escarpments  —  long  ’tid  continuous  iteep  mopes  forn.'d 
faul'  iiig  .'tid/or  erosion,  built  of  limestones  overlying  chalks  and  shales,  flints  overlying  chalks 
or  in  rather  monolithologic  terrains  along  major  fault  lines,  d,  Plains  (<20  m  iri  relief  and 
<10°  in  gradient)  are  characteristically  related  to  gravelly,  sandy  or  loessial  deposits  (plate 
IB),  e.  Badlands  which  are  limited  to  areas  of  steep  gradients  where  shales,  chalks  and  loess 
are  exposed  (plate  9). 
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nguic  A.1  A  location  map  —  The  Negev, 
northeatUrn  Sinai,  part  of  the  Dead  Sea  Rift 
Valley  and  the  Jadean  Desert;  mean  annual 
rainfall  and  altea  of  soil  profiler  and  sections 
in  lurficial  deposits. 


3.  Cllinslc.  The  climetic  regimes  of  the  hot  Arid  environment  are  here  subdivided  accord¬ 
ing  to  the  mean  annua!  precipitation  as  follows  (modified  from  Dan,  1981):  a.  Semi-arid  — 
400-230  mra/ycar;  b.  Moderately  arid  —  250-150  mm/year;  c.  Arid  —  160-80  mm/year;  d. 
Extremely  arid  —  <80  mro/year.  This  subdivision  is  based  on  areal  distribution  of  vegetation 
associations,  and  geomorphic  processes,  such  as  the  relative  significance  of  mechanical  weath¬ 
ering  and  diagnostic  soil  associations. 

Most  of  the  Negev  and  the  Sinai  is  a  hot  desert  under  arid  and  extremely  arid  climates  (fig. 
A.l}.  The  northern  fringes  of  the  Negev  are  moderately  arid,  recirving  150-250  mm/year  of 
mea.n  annual  precipitation,  and  having  a  mean  annual  temperature  of  19-21°C.  The  northern 
and  central  Negev  are  arid  in  climate  —  80-150  mm/year  of  average  precipitation  and  19-2rC 
in  mean  annual  temperature.  The  southern  Negev  and  the  Arava  Valley  are  drier  and  hotter: 
less  than  .50  mra/year  of  average  precipitation  and  above  23°C  in  mean  annual  temperature. 
Mean  annual  relative  humidity  decreases  from  55-60%  in  the  northern  Negev,  to  40-50%  in 
the  southern  Negev.  Potential  evaporation  is  high:  180-180  cm/year  in  the  northern  Negev,  and 
180-270  cra/year  in  the  southern  Negev  and  in  the  Arava  Valley. 


A.3  A  GENEIIAL  STATEMENT. 

Dust  ie  here  defined  as  material  composed  of  particles  smaller  than  0.063  msi  in 
diameter.  It  is  the  silt  (0.063-  0.0U2  mm)  and  clay  (<0.002mm)  fractions  in  both  surficial  depo¬ 
sits  and  the  atmosphere. 

Dust  is  present  in  appreciable  amounts  —  usually  larger  than  several  percents  —  at  and 
close  to  the  surf.ace  of  many  desert  terrains.  Most  of  the  dust  is  to  be  found  in  desert  soils  and 
surficial  deposits,  and  in  joints  between  rock  blocks.  The  occurrence  of  dust  as  a  major  com¬ 
ponent  in  the  exposed  bedrock  is  less  frequent.  Shale,  chalk  and  mudstone  may  serve  ss  exam¬ 
ples. 

The  sources  of  dust  In  deserts  are  diversified.  Dust  may  derive  from  two  groups  of 
sources: 

1.  Primary  sources:  products  of  in  situ  rock  weathering;  volcanic  ash;  marine  aerosols; 
particles  of  biogenic,  anthropogenic  and  cosmic  sources. 

2.  Secondary  sources:  alluvial  and  colluvial  sediments;  soils;  eolian  sediments  such  as 
sand  dunes  and  eolian  loess;  deposits  of  standing  water,  as  found  in  playas  and  dried  lakes. 
These  secondary  sources  have  acquaired  the  dust  from  the  atmosphere.  Atmospheric  dust  set¬ 
tled,  was  trapped  for  a  period  of  time,  or  may  have  been  eroded,  transported  by  runoff  and/or 
wind  and  again  deposited  elsewhere.  Hence,  dust  is  a  recycled  material.  Its  quality  and  quanti¬ 
ty  at  many  sites  are  controlled  by  laws  of  erosion,  defiation,  transportation  and  deposition. 


A.8  THE  ASSOCIATION  BETWEEN  DUST,  SOILS  (OR  DEPOSITS)  AND  LAND- 
FORMS  IN  DESERT  TERRAINS. 

Three  major  factors  govern  geomorphic  processes  that  shape  the  landscape,  the  evolution 
'  vndforms  and  the  development  of  artdic  soils  in  deserts: 
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T«bl«  A.1:  Physiographic  Sinus,  Landtprms  and  Associatod  Soils/Surfieiai  Deposits 
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Notet  on  TabI*  A.1:  Physiographic  Drills.  Landforms  and  Assoclatad 

Soiis/Suriiciai  Deposits 

The  table  'elates  soil  types  and  surficlal  deposits  to  the  various  landscape 
features  (physiografic  units  or  landforms)  that  .nre  widespread  In  deserts  (Table  E.2.1 
characterizes  soils  by  their  dust  attributes  ano  some  other  proportles,  auch  at  gravel 
and  salt  content) 

The  subdivisun  of  landscape  selected  here  enables  the  user  to  separate 
landscape  features  according  to  two  categories 

1  Landfor-ps  that  have  a  clear  signature  on  regularly  used  visual  aids. 

2.  Landforms  that  carry  soils  that  may  be  easily  identified  and  are  different  from 
each  other 

All  of  the  widespread  desert  landforms  are  included.  The  general  order  of  the 
landforms  in  the  table  leilects  the  abundance  of  dust  in  the  soil  and  to  a  certain  de¬ 
gree  takes  into  account  the  frequency  of  occurrence  of  the  landforms  In  desert  ter¬ 
rains.  Since  we  could  closely  examine  Mid-Eastern  soil  only  In  the  Negev  and  the 
Sinai,  the  data  rsfioct  desert  terrain  in  these  regions:  they  are.  however,  very  similar 
to  other  desert  terrains  in  the  Middle  East 

Relief  types  are  subdivided  into  three  groups; 

1.  Mountains:  relief  >  200m;  gradients  >  20® 

2  Hills  relief  of  20-200m;  gradients  >  15®. 

3  Plains  relief  <  20m:  gradients  usually  <  10°. 

Source  and  parent  materials  of  different  hardness.  weatherablUty  and  erodibllity 
m.i>  determine  soil  nature  Hard,  durable  rocks.  suCh  as  dolomite,  'ijnt,  syenite  and 
rj  oiite.  usually  weather  into  gravel,  which  harbours  dust  and  salts  from  external 
sources  (windborne  and  washed-in  by  water).  Soft,  friable  rocks  such  as  shales, 
chalks,  sandstones  und  mudstones  weather  down  to  sand  and  finer  fractions,  mixed 
with  external  dust  and  salts. 

The  climate  in  hot  arid  environments  is  here  subdivided  Into  four  roglmos.  accord¬ 
ing  to  mean  annual  precipitation: 

1.  Semi-arid  -  250-400  mm/year; 

2.  Moderately  arid  -  lSO-250  mm/year; 

3.  Arid  -  80-150  mm/year; 

4.  Extremely  arid  -  <  60  mm/year. 


1.  Lithology  -  roclr  composition,  texture  and  structure.  This  factor  largely  affects  the 
mode  snd  rate  of  weathering,  the  type  of  weathering  products,  the  roughness  at  the  surface,  the 
susceptibility  of  the  debris  mantle  to  erosion  by  runoff  and  wind,  the  porosity  and  permeabili¬ 
ty  at  and  near  the  surface.  Soil  properties  and  soil  development  at  any  particular  site  in  deserts 
are  strongly  influenced  by  the  type  of  bedrock  or  surScial  debris  mantle.  The  original  composi¬ 
tion,  texture  or  structure  of  the  parent  material  are  to  be  observed  in  desert  soil  for  very  long 
periods  of  time. 

2.  Climate  manifests  its  influence  on  desert  landforms  and  soils  mainly  through  precipi¬ 
tation  and  wind.  Rainfall  amount,  duration  and  intensity  determine  water  availabilty  and 
thereby  control  the  processes  of  runoff,  erosion,  mass  movements  and  :iepotition.  Water  infil- 
t'ation  controls  the  penetration  of  dust  into  the  soil  profile  as  well  as  introduction  of  salts, 
precipitated  upon  evaporation  Atmospheric  circulation  and  wind  introduce  most  of  the  air¬ 
borne  dust  and  salts  into  a  given  site.  Settling  dust,  dissolved  salts,  infiltration  and  runoff 
determine  the  nature  of  the  soil. 

3.  Topography  or  the  physiogrphic  nature  of  the  landscape.  Factors  such  as  gradient, 
aspect  and  surficial  roughness  are  included  here.  The  processes  that  shape  and  maintain  both 
the  landforms  and  the  soils  are  largely  affected  by  topography.  Especially  significant  are  the 
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cuttjilion  uT  k  landlorm  -  degradation,  itability  or  aggradation.  On  a  ctable  aurfacc  the  rate 
of  soil  fornialion  and  maturation  ia  uaually  the  moat  rapid. 

A:<  einpliasiBed  in  chapter  A. 2  duat  in  moat  detert  terraina  ia  a  aecondary,  allochtot  ous  ma¬ 
terial.  The  accretion  of  duat  in  the  aoil  ia  a  function  of  the  flux  rate  of  duat  import  artd  aettle- 
ment  aa  well  aa  the  condition  of  the  potential  receptacle  —  the  type  of  debria  mantle,  the 
stability  of  the  .surface,  the  mode  and  rate  of  penetration,  etc. 

The  interaction  between  the  landform  and  the  climatic  elementa  ia  beat  reflected  in  the 
desert  aoil.  The  genetic  rolationahip  between  aoila  and  landforma  on  the  one  hand  and  litholo¬ 
gy,  structure,  gross  physiography  and  climate  on  the  other  hand,  enable  ua  to  aubdivide  the 
landscape  on  the  baaii  of  theae  later  major  controlling  factors.  Table  A.l  preienta  a  liat  of  the 
most  frequently  encountered  deaert  landforma.  These  are  alto  readily  identified  on  airphotos 
and  may  be  interpreted  from  large  arale  topographic  mapa.  Twelve  major  types  of  landforms 
.trc  recognised;  furtiier  subdivisior  .eadt  to  a  total  of  twenty  types  (plates  1-9).  The  soils  re¬ 
lated  to  theae  landforma  are  listed  in  the  last  column  of  table  A.l.  Certain  soil  types  are 
unique  to  partit  ular  landforms  whereas  others  are  characteristic  to  a  group  of  landfcrms.  For 
definitions  of  th  -se  landforma  and  toils  the  reader  is  referred  to  the  glossary  in  Appendix  G.4. 


A. 4  DESERT  SOILS  AND  SURFICIAL  DEPOSITS  —  CLASSIFICATION  AND 
DESCRIPTION. 

In  order  to  be  able  to  estimate  or  predict  the  properties  of  deaert  soils  or  deposits  in  areas 
which  are  Irjaccossible,  and  to  use  available  tools  such  as  mapa,  airphotos,  and  climatie  data,  it 
is  necessary  to  resort  to  a  elassiGcaliun  based  on  gross  landscape  features.  A  soil  classification 
founded  on  parent  material,  landform  and  climate  is  largely  genetic  in  nature.  Such  a  genetic 
soil  classification  was  chosen  for  the  present  report.  It  has  been  in  use  in  Israel  for  the  last 
three  decades  (Dan  ct  al,  1962;  Dan  et  al,  1972;  Dan  ct  al  1979).  This  soil  clasaification  includes 
the  following  .soil  orders  and  soil  types  (only  the  material  pertraining  to  desert  terrains  is 
presented  here): 

1.  Climatogenic  soils:  Serorera  soils,  Reg  soils. 

2.  Liihogcnic  soils;  Hammada  soils,  Lithosols,  Regosols. 

3.  Fluviogenic  and  eolian  soils;  coarse  desert  alluvium,  alluvial  sand,  eolian  sand  loess, 
locssial  soils. 

i.  llydmgenic  soils:  Takyr  soils,  Solonchak  soils. 

These  are  the  soil  types  frequently  encountered  in  hot-desert  terrains.  They  are  typical  to 
the  Negev,  Sinai  and  similar  Mid-Eastern  deserts. 

The  following  is  a  brief  cliaracteriiation  of  the  more  widespread  aoil  types  (for  additional 
information  see  a  Gloss" 'y  in  Appendix  G.4); 

Locaalal  Solis  (aridle) 

These  are  relatively  thick  (40-200  cm)  soils,  uaually  of  loam,  silt-loam  or  silt-clay-loam 
composition,  developed  on  primary  eolian  or  reworked  loess.  They  are  usually  found  in  the 
semi-arid  to  mouerately  arid  fringes  of  Mid-Eastern  and  other  deserts,  or  areas  which  were 
under  such  climatic  conditions  in  the  past.  Buried  or  exposed  paleosols  in  loessial  sections  are 
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occuionalljr  more  cltTcy  in  nature.  Aridic  loeMial  toili  often  contain  pedopnic  CaCOj  in  no- 
dulei  and  may  contain  low  concentration!  of  gypsum  and/or  salts.  The  soil  is  usually  covered 
by  a  thin  (1-3  mm)  loess  crust,  usually  denser  and  more  cohesive  than  the  underlying  A  hor- 
iion.  The  typical  landscape  of  loessial  terrains  is  flat,  undulating  or  badland,  with  relief  usu¬ 
ally  <  20m  (Plate  BA).  The  natural  veptation  is  a  grass-steppe  type.  Under  desert  conditions 
shallow  and  saline  gypsic  Serosem  soils  develop,  often  containing  some  gravel. 

Taltyr  Solis 

Takyr  soils  are  relatively  thick  (dO-180  cm),  of  clay-loam  or  silt-clay-loam  composition, 
and  develop  at  the  center  of  playas.  These  soils  carry  low  to  moderate  amounts  of  gypsum  and 
salts.  The  averap  thickness  of  the  major  soil  horitons  is;  A  —  7  cm,  B  —  18  cm,  C  —  50  cm. 
The  soil  develops  on  fine  grained  fluvial  and  eolian  sediments  deposited  at  the  center  of  playas. 
It  is  usually  gravel-free.  The  terrain  is  flat  and  is  occasionally  inundated  by  flood  water.  The 
soil  may  remain  moist  for  several  months  a  year.  Usually  there  is  a  thin  loess  crust  overlying 
the  A  horiion  and  the  surface  is  poor  in  veptation  or  sterile. 

Solonchak  Soils 

Solonchak  soils  are  highly  saline  playa  and  sahkha  soils.  Usually  they  have  poor  or  no 
pedogenic  structure,  since  their  properties  arc  determined  by  both  deposition  of  fluviatlle  and 
eolian  sediments  and  precipitation  of  various  salts  by  shallow  ground  water  and  inundating 
fiood  water.  At  the  surface  there  are  crusts  rich  in  salts  and  gypsum.  Highly  concentrated  salt 
and  gypsum  layers  are  found  at  depth.  Sometimes  the  soil  is  composed  of  saline  silt  and/or 
clay,  but  In  other  cases  the  soil  is  coarse  textured  with  an  abundance  of  fine  gravel  and/or 
sand.  Soil  thickness  varies  from  several  tens  of  cm  to  more  than  a  meter.  The  relief  it  flat  with 
tome  undulations,  usually  lest  than  100  cm  high.  Moisture  is  usually  found  close  to  or  at  the 
surface. 

Reg  Soils 

Reg  soils  are  gravelly  soils  developed  on  surfaces  composed  of  coarse  alluvium,  i.e.  alluvial 
fans  and  alluvial  terraces.  Their  thickness  ranges  between  30-40  cm  in  Holocene  Reg  soils  to 
more  than  100  cm  in  Reg  toils  on  older  (Pleistocene)  alluvial  surfaces.  The  typical  soil  profile 
consists  of  a  surficlal  gravelly  desert  pavement,  a  vesicular  horison  underlying  it  (O.S-7  cm 
thick),  a  gravel-free  or  gravel-poor  B  horison  (<25  cm)  and  a  gravelly  C  horison  (usually  <35 
cm).  There  are  certain  cases  in  which  the  O  and  C  horitons  are  thicker  than  Indicated  above.  B 
and  C  horitons  of  old  Reg  toils  contain  large  amounts  of  pedopnic  gypsum,  salts,  and  in  many 
cases,  CaCOj.  Well  developed  Reg  surfaces  are  devoid  of  vegetation.  The  older  the  surface  the 
smoother  it  is.  Holocene  surfaces  retain  their  gravel  bar  and  swale  configuration  and  rough¬ 
ness  (Plate  5B],  wheras  surfaces  older  than  CO-70,000  years  are  veneered  by  a  complete  cover  cf 
mechanically  weathered  angular  gravel  of  <10  cm  in  site,  to  form  a  smooth  desert  pavement 
(Plates  11A,B;  14A,B).  Under  such  a  pavement  there  it  usually  a  gravel-free  horison  composed 
primarily  of  dust,  gypsum  and  salts. 

Qaramada  Soils 

ilammada  soils  are  gravelly  soils  developed  m-st(«  on  bedrock,  on  flat  or  pntly  sloping  ter¬ 
rains.  The  gravel  is  usually  mixed  with  a  fine  earth  fraction  composed  mainly  of  dust,  from  an 
airborne  source;  some  fine  material  Is  formed  by  weathering  of  the  local  bedrock.  The  surfleial 
qrpearance  and  the  sell  profiles  is  very  divcrelfled: 
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1.  In  terrains  built  of  hard  brittle  bedrock  tbei«  ate  uiualljr  blocks  of  exposed  bedrock  and 
pockets  of  soil  in-between  (Plate  14D).  The  soili  range  from  gravel  and  fines  with  poorly  de¬ 
fined  horiions,  to  pockets  of  loess  in  shallow  depressions. 

2.  On  hard  bedrock  one  may  find  old  ^ammada  soils  that  resemble  old  Rsg  soils  in  moat 
respects:  a  desert  pavement  of  varying  degree  of  evolution  at  the  ■ur.''ace,  a  vesicular  A,  hor- 
ison  underlying  the  pavement  gravel,  a  B  horison  of  varying  degree  of  dust  accretion  (some¬ 
times  gravel-free)  and  a  highly  gravelly  C  horison  merging  with  the  bedrock.  Plate  llA  illus¬ 
trates  a  very  well  developed  {iammada  soil  on  a  limestone  plateau. 

3.  In  terrains  built  of  hard  sandstone,  one  often  finds  sandstone  gravel  overlying  sand  or 
sandy  loam  as  a  typical  (iammada  soil  (Plate  14  C). 

dammada  toils  are  usually  gypsic,  saline  or  calcic. 

Llthosols 

Lithosols  are  shallow  stony  soils  without  very  distinct  horisons,  on  a  weathered  or  a 
slightly  weathered  bedrock  and  usually  they  are  saiine.  They  are,  then,  similar  in  general  ap¬ 
pearance  to  some  H.ammada  soils.  However,  the  term  lithosol  usually  applies  to  the  soils  that 
are  found  on  hillslopes,  generally  over  a  soft  bedrock  such  as  chalk  and  marl.  In  these  cases 
they  are  light  in  color.  They  are  darker  where  they  are  developed  on  hard  rocks,  such  at  lime¬ 
stone. 

Serotem  Soils 

Seroiem  soils  are  aridic  soils  (usually  of  grey,  grey  brown  color)  that  have  calcic,  gypsic 
and/or  saline  horisons  at  shallow  depths.  Excluded  are  several  soils  which  may  have  some 
similar  characteristics,  such  as  Reg  and  [iammada  soils.  Under  the  Serotem  toil  category  one 
may  find  loessial  Serotems,  stony  Serotems,  and  calcic  Serotems.  In  all  these  soils  the  amounts 
of  dust  are  high,  often  several  tens  of  percents. 

Sandy  Soils 

Sandy  soils  are  soils  which  include  sand  at  the  major  textural  component.  Such  soils  are 
rather  diversified,  according  to  the  pedogenic  processes  irvolved.  Hence,  one  may  define  sandy 
Solonchak  soils,  sandy  Regotolt,  sandy  loessial  soils,  calci:  alluvial  sands  and  others.  The  dust 
sited  fraction  in  these  soils  may  reach  10-30%. 

Regosols 

Regut.ols  are  poorly  developed  toils  derived  from  unco:isolidated  parent  materials  (gravel, 
sand  and  loess).  They  are  rather  deep  and  are  typical  to  hillslopes  or  badlands.  In  deserts  there 
are  several  types  of  Regosols:  gravelly  Regosolv,  on  sieve  deposits  and  other  unconsolidated 
gravelly  slopes:  sandy  Regosols,  in  sandy  terrains;  and  loessial  Regosols  on  hillslopes  in  loes¬ 
sial  terrains. 

Alluvial  Soils 

Alluvial  soils  are  usually  soils  that  are  fiuvially  derived  from  some  other  areas  than  where 
they  have  originally  formed.  Such  toils  are  accumulations  of  soil  material  which  hat  been 
eroded  elsewhere.  Within  this  category  one  alto  finds  toils  that  have  developed  out  of  alluvial 
deposits:  the  structure  or  stratification  of  the  alluvium  is  clearly  visible  in  them,  in  sp'te  of 
pedogenic  horisonation. 
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A.6  THE  FRAMEWORK  OF  THE  REPORT. 

The  pnient  report  includei  the  followins  topici: 

1.  Atmospheric  Dust  In  Deserts  —  a  Review. 

Since  much  of  the  duit  in  desert  terrsine  is  sllochtonous  —  introduced  into  the  deposits 
through  the  surface  of  the  soil  —  it  is  of  paramount  interest  to  recognise  the  nature  and 
characteristics  of  the  dust  in  the  atmosphere.  Seversl  subjects  are  emphasised  here: 
mobilisation,  transport  and  deposition;  particle  sise  distribution;  mineral  composition. 

2.  The  Non-Gravelly  Materials  In  Desert  Soils  and  Deposits  —  Sand,  Dust  and 
Salts. 

The  soil  and  deposits  in  deserts  arc  composed  of  two  fractional  components  —  gravel  and 
6ne  earth.  Gravel,  as  related  to  dust,  is  treated  briefly  in  part  D  of  the  report.  Fine  earth  — 
sand,  silt  and  clay  —  are  of  a  major  concern  as  the  theme  of  this  project.  Texture  —  site 
distribution  and  composition  —  is  described  and  analysed  in  chapter  C.l.  Textural  feature  of 
non-saline  components,  composed  mainly  of  quarts,  feldspars,  calcite,  dolomite  and  clays  are 
presented  and  discussed.  Some  of  these  features  are  utilised  and  compared  in  the  following 
chapters.  The  mineral  composition  is  described  and  interpreted  in  chapter  C.2. 

Desert  soils  and  deposits  usually  contain  significant  quantities  of  salts  including  chlorides, 
sulfates  (mostly  gypsum)  or  carbonates.  These  salts  appear  in  the  soil  as  dust-sised  particles 
or  aggregates,  that  also  affect  the  consistency  of  the  soil.  Chapter  C.3  deals  with  salts,  their 
composition  and  distribution. 

Most  desert  soils  and  some  desert  deposits  are  veneered  by  a  distinct  layer  or  crust,  usually 
of  greater  consistency  than  underlying  layers  or  borisons.  Although  the  mechanical  charac¬ 
teristics  of  these  surfleial  covers  has  not  been  studied  under  the  scope  of  the  present  report, 
some  features  that  may  be  pertinent  to  the  ease  of  dust  release  are  described  in  chapter  C.4; 
ground  cover  —  types  and  occurrence. 

3.  Gravel  In  Desert  Soils  and  Deposits. 

Gravel  constitutes  a  major  component  in  many  desert  terrains.  It  is  both  a  primary  debris 
produced  by  weathering  on  hillslopes  and  plateaus,  and  a  frequent  fraction  in  fluvial  deposits. 
Gravel  serves  as  a  major  trap  for  settling  airborne  dust.  Both  gravel  and  dust  combine  to  form 
a  variety  of  dust-rich  gravelly  soils.  Some  comments  on  the  relationships  of  gravel,  dust  and 
salts  are  presented  in  part  D. 

4.  A  summary  and  Discussion  of  dust  in  desert  terrains  is  presented  in  part  B.  It  in¬ 
cludes  the  main  issues  presented  in  the  former  chapters,  together  with  a  general  interpretation 
of  the  evolution  of  dust  mantles  in  deserts.  The  broad  quantitative  trends  are  emphasised  in 
part  E:  The  rates  of  dust  and  salt  accretion,  the  evolution  of  desert  soils,  the  effects  of  chang¬ 
ing  climates  and  paleusols  and  a  comparison  between  dust  related  properties  in  the  terrains  of 
the  Negev  and  Sinai. 

5.  References. 

Part  F  contains  the  references  used  in  this  report.  Special  attention  should  be  given  to  the 
sources  of  information  and  soil  data  supplied  by  the  articles  and  monographs  on  Israeli  soils. 
Data  concerning  loessial  soils,  serosem  soils  and  sandy  soils  were  drawn  from  these  sources. 
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0.  Appendices. 


Psrt  G  serTet  m  »  loarce  of  informatioii  end  Ujrt  s  foandstion  for  pert*  B  -  E.  Pert  G 
include*  the  eppendice*.  Field  end  leboretory  method*  ere  d**crlb«d,  end  soil  dete  end  proaiei 
ere  preaented.  A  glo**ary  aerTe*  for  deBnition  of  the  technicel  term*  n*ed  in  the  report.  The 
reader  1*  encouraged  to  become  acquainted  with  the  qipeadlee*  before  uelsg  the  report. 

Thia  report  is  accompanied  by  a  procedtare  for  the  evaluation  of  duet  potential  In 
desert  terrains.  The  methodology  for  dust  evelnetion  is  explained  In  the  procedure,  irherea* 
the  data  on  which  it  1*  baaed,  their  enalyai*  end  interpretation  are  preaented  in  the  r^ort. 


PART  B  ATMOSPHERIC  DUST  IN  (AND  FROM)  DESERTS  — 

A  REVIEW 


B.l  INTRODUCTION 

Dust  in  the  atmosphere  is  an  important  factor  of  a  global  scale.  Its  effects  are  far  reaching; 
several  are  mentioned  here: 

1.  Climatic  effects;  a  partial  screen  for  incoming  and  out  going  radiation  and  a  nuclea* 
tion  agent  for  raindrop  formation.  Climatic  changes  may  have  been  caused  by  dust  in  the  atmo¬ 
sphere. 

2.  Dust  is  an  important  bio-ecological  factor.  Its  existence  and  concentration  may 
determine  or  effect  the  survival  of  certain  faunal  and  floral  species. 

3.  Dust  is  a  major  sedimentary  component.  It  is  one  of  the  main  contributors  to  both 
marine  and  continental  deposits. 

4.  The  effects  of  dust  on  human  ecology  may  be  profound.  Its  existence  in  the  air  deter¬ 
mines  visibility,  effects  the  respiratory  system,  the  eyes  and  the  skin.  The  operation  of  various 
machines  and  instruments  may  be  effected  by  dust  of  high  concetration. 

Deserts,  where  there  is  in  many  cases  no  protective  cover  such  as  vegetation  or  gravel,  are 
especiaily  prone  to  have  a  dusty  atmosphere.  Most  of  the  mineral  dust  in  the  atmosphere  is 
derived  from  deserts  and  carried  all  over  the  continents  and  the  oceans  by  the  global  atmos¬ 
pheric  circulation.  The  major  dust  contributor  is  the  Sahara  Desert;  it  yields  beetwen  a  third 
and  a  half  of  the  global  desert  dust. 

The  Middle  East,  containing  a  vast  desert  area  and  being  close  to  the  Sahara  Desert  and 
downwind  of  it,  is  signifcantly  affected  by  desert  dust.  The  following  chapters  emphasise  ex¬ 
amples  from  studies  on  the  Sahara  and  the  Middle  East.  Since  much  of  the  material  and  the 
interpretation  in  the  present  report  are  related  to  desert  terrains  in  Israel  and  the  Sinai,  we 
present  in  Part  U  data  on  desert  atmospheric  dust  in  this  area. 


B.2  THE  SOURCES  OF  DUST 

There  are  two  groups  of  sources  to  the  atmospheric  dust  in  deserts: 

1.  Primary  sourees:  weathering  products,  volcanic  ash,  particles  from  biogenic  origins, 
marine  aerosols,  cosmic  dust  and  aerosols  produced  by  man. 

2.  Secondary  eourcea;  Colluvial  and  alluvial  deposits,  desert  soils,  eolian  sediments  — 
ssnd  and  loess,  lake  and  playa  sediments. 

All  these  sources  combine  to  form  a  large  reservoir  of  dust  in  deserts.  Especially  im¬ 
portant  are  the  secondary  sources  of  alluvial  sediments,  soils  and  sediments  of  playas  and 
dried  lakes.  Outcrops  of  shales,  marls,  chalks  and  sandstones  contribute  large  amounts  of  dust 
upon  weathering;  such  are  vast  areas  in  the  northern  Sahara,  the  southern  Levant  and  the 
northern  Arabian  Desert. 

Vast  areas  of  weathered  rocks,  various  surficial  deposits  and  desert  soils  yield  fine  earth 
particles  —  sand  and  dust.  Along  the  desert  fringe,  in  moderately  arid  to  semi-arid  environ¬ 
ments,  there  is  a  combination  of  the  effect  of  man  —  graiing  and  often  cultivation  —  and 
drought,  to  form  a  dust  producing  sone  (fig.B.2.1].  Man’s  activity  in  such  a  sensitive  environ¬ 
ment  often  and  repeatedly  leads  to  erosion,  deflation  and  desertification. 
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Figure  B.2.1  Erosion  »nd  dust  mobilisation  fol¬ 
lowing  overgrasing  (or  aridisa- 
tion).  From  Lundholm  (1979). 

The  Sahara  is  a  major  source  of  desert  dust.  Several  10*  tons  of  dust  are  lifted  into  the 
atmosphere  and  are  transported  towards  the  Atlantic  Ocean  and  the  eastern  Mediterranean 
region.  Ganor  and  Mamane  (1981)  quote  large  amounts  of  dust  leaving  the  Sahara  towards  the 
west  (70  10"  tons/yr)  and  the  northeast  (some  2010®  tons  /yr).  Jaenicke  (1979)  estimates  about 
260  10®  tons/yr  transported  and  deposited  in  the  Atlantic  Ocean.  Figure  B.2.2  illustrates  some 
of  these  trends.  Yaalon  and  Ganor  (1979)  have  traced  regional  dust  storms  moving  from  Libya 
and  Egypt  to  the  southeastern  Mediterranean  and  the  Levant,  as  presented  in  figure  B.2.3. 
Some  of  these  storms  are  derived  as  cyclones  from  the  western  Mediterranean  basin  and  their 
trajectories  are  deflected  eastward  and  northeastward  over  the  Western  Desert.  Other  trajec¬ 
tories  are  those  of  the  Sudano-Saharian  depressions  which  cross  the  Sahara  from  south  to 
north  and  are  deflected  to  the  east  (Dubief,  1979;  Gg.B.2.4). 


Figure  B.2.4  Trajectories  of  Sudano-Saharian  depressions  and  limits  of 
the  polar  front  and  monsoon  rains  (Dubief,  1979). 

Other  prominent  source  area^  of  atmospheric  dust  are  the  Arabian  Desert,  the  deserts  of 
south  central  Asia,  the  Australian  deserts,  the  Kalahari  and  the  Namib  Deserts  and  the 
deserts  of  western  South  and  North  America  —  Atacama,  Sonora  ,  Mojave  and  the  Great 
Basin. 

B.8  METEOROLOGICAL  AND  SYNOPTIC  CONDITIONS 

There  are  several  main  meteorological  conditions  for  the  raising  of  duet  and  the  develop¬ 
ment  of  dust  storms  (Jackson  et  al.,1973;  see  also  chapter  B.6): 

1.  Strong  heating  of  the  ground. 

2.  Development  of  local  and  large  scale  convections  and  ascending  trajectories. 

3.  Conditions  producing  cyclonic  storms,  related  to  strong  upper-level  jet  streams.  “Major 
dust  storms  are  produced  when  the  upper-level  jet  and  the  strong  surface  heating  interact” 
(Jackson  at  ah,  1973, p. 139). 

4.  Increasing  horisontal  pressure  gradients,  which  may  lead  to  wind  speeds  of  30-35  knots 
or  more  with  gusts  of  wind,  related  to  local  circulation. 

All  these  bring  about  ascending  currents  and  horisontal  winds  that  mobilise  and  transport 
dust  on  local  and  regional  scales.  Dust  rosy  be  lifted  to  elevations  of  several  km  and  tran¬ 
sported  to  distances  of  thousands  of  km  from  its  source  area  (chapter  B.6). 

Many  typical  storms  incorporate  descent  and  heating  of  the  air,  which  may  lead  to  ex¬ 
treme  drying  of  the  ground,  enhances  surface  temperature,  increase  evaporation  from  the  sur¬ 
face,  cause  destabilisation  of  the  near-by  atmosphere  and  further  another  major  cyclonic 
development  (Jackson  at  al.,1973). 

An  illustration  of  the  synoptic  situation  during  a  typical  dust  storm  is  presented  in  figure 
B.3.1.  Most  of  the  dust  storms  in  the  Negev  are  associated  with  a  passage  of  a  frontal  system 
from  west  to  northeast.  A  depression  along  the  Red  Sea  leads  to  the  mobilisation  and  tran¬ 
sport  of  dust  from  the  south  and  the  east  (KataenelBon,l970j  Ganor  &  Yaalon,1979).  A  dusty 
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ktrooiphere  it  often  neeomptnied  by  a  cold  weather  —  a  Ktult  of  intrution  of  cold  air  from  the 
mid-latitude*  to  tropical  area*  aerot*  the  Mediterranean  batin  (Kalu,1979). 


Figare  B.3.1  Aereal  extent  of  the  march  21,  1973,  dust  atorm, 
a*  traced  from  aatellite  photot,  superimpoted 
oxer  the  tynoptic  map  (Yaalon  &Ganor,1970). 


Dubief  (1979)  enumerates  the  cyclone*  with  which  Saharan  dust  ttorm*  are  associated,  ac¬ 
cording  to  their  origin: 

1.  Cyclone*  from  the  Mediterranean  basin,  along  the  northern  coast  of  Africa. 

2.  Atlantic  cyclone*,  associated  with  the  polar  front,  that  enter  the  Sahara  through  Moro- 
eo. 

3.  Subsidiary  cyclones  from  southern  Moroco  which  move  through  Libya  and  the  eastern 
Mediterranean. 

4.  Tropical  cyclones,  moving  along  the  Inter-Tropical  Front  in  the  Sudan  region.  Turbulent 
winds,  which  raise  dust  to  high  altitudes  are  related  to  the  steep  rise  of  the  temperature,  and 
are  associated  with  the  warm  sector  of  the  cyclones.  Such  wind*  in  the  southern  Sahara 
develop  also  in  the  cold  sectors;  the  turbulence  here  is  enhanced  by  the  orography,  as  is  the  case 
of  the  Tibesti  Mountains.  The  hot  winds  intensify  from  the  morning  into  the  afternoon;  the 
turbulence  is  of  a  thermal  origin. 


B.4  mobilization  and  TRANSPORT  OF  DUST  AND  SOME  WIND 
CHARACTERISTICS 

Mobilisation  of  Dust  by  Wind 

The  detachment  of  dust  from  a  surface  is  determined  by  three  sets  of  factors: 


1.  The  conditions  »t  the  surface  —  soil  factors:  roughness,  texture  and  cohesion.  Particle 
site  and  the  content  of  fine  dust,  salts  and  water  are  controlling  factors  (Gillette, 1981). 

2.  The  topography  and  microtopography,  such  as  relief,  slope,  aspect  and  vegetation,  are  fac¬ 
tors  which  intimately  interact  with  the  wind  and  affects  its  aerodynamic  characteristics  at  and 
near  the  ground. 

3.  The  aerodynamic  characteristics,  such  at  wiird  speed  and  duration, tractive  force  or  drag 
velocity,  thermal  features  (effecting  vertical  flow  components)  and  turbulence.  Moisture  in  the 
air  should  also  be  considered,  since  it  affects  water  absorption  and  settling  of  dust. 

The  relationships  between  these  factors  control  the  mobilisation  of  dust.  For  example, 
high  critical  velocities  are  requited  to  mobilise  particles  larger  than  0.2mm,  due  to  their 
weight,  but  also  for  particles  smaller  than  O.OBmm,  because  of  their  greater  degree  of  cohe¬ 
sion  (figs.  0.4. 1-2;  Chepil,  1951;  Gillette,  1981).  It  should  also  be  noted  that  high  wind  veloci¬ 
ties  lead  to  mobilisation  of  unsorted  materials  whereas  winds  of  relatively  low  velocity  mobil¬ 
ise  and  transport  a  better  sorted  dust. 

Generally,  the  greater  the  intensity  or  velocity  of  the  wind,  the  larger  is  its  power  and 
force  to  mobilise  and  transport  particulate  material  —  sand  and  dust.  Soil  factors,  such  as 
surficial  roughn.  ss,  partiale  site  and  cohesion  pose  resistance  to  wind  deflation  and  have  to  be 
considered  in  evtry  case  (Gillette,  1981).  Wind  velocities  greater  than  6  m/sec  are  usually  re¬ 
quired  for  the  development  of  duet  storms  (Jackson  et  al.,  1973;  Piw^,  1981).  However,  surface 
conditions  may  render  this  threshold  most  variable  (Shikula,  1981).  Dust  storms  in  the  Negrv 
are  usually  associated  with  wind  velocities  of  6-10  m/sec  (Katscnelson,  1970).  Only  12%  of 
the  winds  measured  in  this  region  have  velocities  of  more  than  6  m/sec  and  barely  1%  — 
velocities  exceeding  10  m/sec  (Yaalon  and  Gintbourg,  1966). 

Trnnsport  of  Dust 

Tracing  the  movement  atmospheric  dust  is  performed  by  employing  various  methods: 
space  and  aerial  imagery,  interpretation  of  synoptic  maps,  rcdioactive,  isotopic  and  biogenic 
tracers,  chemical  and  mineral  components.  It  is  still  very  difficult  to  calculate  the  amounts  of 
transported  du.st  even  for  dust  storms  whose  courses  are  well  recorded  (see  chapter  B.8). 


Figure  B.4.1  Sedimentation  velocity  and  site  of  particles  (Gillette,  1981;  partly  after  Bagnold, 
1941). 
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Figure  B.4.2  Threshold  friclion  velocity  versus  nondisperse  particle  site  (from  Gillette,  1981; 
after  Chepil,  1951). 


Figure  B.4.3  Propagation  of  dusty  atmosphere 
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Dust  storms  In  Isrsel  srs  reUted  to  two  msin  wind  directions,  according  to  particular 
synoptic  conditions; 

1.  Oust  storms  associated  with  winds  blowing  from  the  west,  southwest  and  northwest, 
accompanying  cold  fronts  of  cyclones  moring  from  the  west.  Such  a  situation  is  frequent  dur¬ 
ing  the  winter.  The  winds  are  'ntense  and  the  dust  is  raised  and  transported  on  both  local  and 
regional  scale  (Katsenelson,  1970).  An  expression  of  the  predominance  of  winds  from  the  wes¬ 
terly  sector  is  found  in  the  direction  of  seif  dunes  in  the  Sinai  and  the  Negev  (Rosenan,  1053). 

2.  Dust  from  the  Arabian  Desert,  carried  by  winds  blowing  from  the  southeast,  east  and 
northeast.  Such  a  situation  is  frequent  during  the  spring,  the  autumn  and  the  winter;  it  is 
associated  with  the  existence  of  a  low  pressure  trough  along  the  Red  Sea,  with  an  extension 
into  the  Gulf  of  Glat  and  the  Negev,  or  a  depression  over  North  Africa,  leading  to  pronounced 
easterly  winds  from  the  Arabian  Desert  into  the  Levant. 

The  rates  of  dust  moblllsatlort  and  transport  varies  greatly.  For  example,  there  was 
a  distinct  difference  between  the  dust  input  of  the  Sahara  during  the  period  1958-63  and  that  of 
1969-71;  the  former  was  a  wet  period  whereas  the  latter  a  drought  one  (Morales,  1979)  In 
terms  of  continuity,  there  it  a  special  difference:  there  is  a  continous  transport  of  &ne  dust 
from  the  Sahara  westward;  the  transport  to  the  northeast  is  rather  intermitent  (Morales,  1979; 
Schiits  et  al,  1981). 

Several  phases  may  illustrate  the  mobilisation  —  transport  pronesse  (Kalu,  1979;  fig. 
B.4.3): 

1.  The  mobilisation  phase  it  usually  related  to  a  condition  of  atmospheric  instability  (see 
chapter  B.3).  This  initial  phase  it  associated  with  vertical  drafts  in  the  source  area;  it  may  be 
termed  the  instantaneous  phase  . 

2.  The  transport  phase  begins  mainly  at  the  vertical  turbulance  brings  the  dust  to  layers 
of  fast  wind  motion  -  the  spreading  phase.  Only  fine  dust  reaches  this  level;  coarser  particles 
have  settled  in  the  previous  phase. 

3.  An  equilibrium  phase  is  the  most  stable.  The  transport  it  under  the  influence  of  the 
prevailing  winds.  It  occurs  at  distances  of  tens  to  hundreds  of  km  downwind. 
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B.Ii  DUST  STORMS  —  FREQUENCY  AND  DURATION 


The  frequency  of  dust  storms  vsrics  from  one  region  to  another.  The  numher  of  dust 
storms  in  Egypt  and  southern  Israel  is  similar  —  10  storms/yr,  on  the  average  (Yaalon  Sc 
Ginibourg,  19S6;  Yaalon  &  Ganor,  1079).  Ihhst  Africa  experiences  an  average  of  20  dust 
storms/yr  and  some  regions  in  China  —  30  dust  storms/yr.  Mexico  City  has  some  SO  dust 
storms/yr,  on  the  average  (Piwi,  1981). 

Dust  storms  usually  continue  fiois  1  hour  to  several  days.  Many  local  storms  which 
develop  during  a  particular  day  are  sustained  by  local  convectional  winds  for  1-3  days.  The 
aeroFols  may  remain  in  the  atmosphere  for  5-30  days  (Jackson  et  al.,  1973). 

There  is  a  marked  seasonality  in  the  frequency  of  dust  storms.  In  the  Be’er  Sheva  area 
(northern  Negev)  there  is  a  high  frequency  of  dust  storms  during  the  spring  (March-April),  a 
medium  to  low  frequency  during  the  winter  (December-January)  and  practically  no  storms 
during  the  height  of  summer  (July-August;  Katsenelson,  1970). 

The  number  of  'dusty*  days  may  change  drastically  along  a  transect  from  the  desert  into 
the  more  humid  region.  Figure  B.S.1  illustrates  this  point:  40-150  *dusty*days  in  the  Negev  and 
the  Sinai  and  Ir  ^s  than  10  such  days  in  northern  Israel. 
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B.9  THE  DISTRIBUTION  OF  DUST  WITH  ALTITUDE  AND 
DISTANCE  FROM  THE  SOURCE  AREA 

The  distribution  of  dust  in  the  atmosphere  is  usually  very  uneven,  both  spatially  and  tem¬ 
porally.  It  is  dependent  on  factors  such  as  synoptic  conditions,  elevation  above  the  ground,  dis¬ 
tance  from  the  source  area.  For  example,  dust  storms  that  develop  in  the  eastern  Mediterrane¬ 
an  region  during  the  passage  of  a  cold  front  have  a  rather  high  concenration  of  dust,  which 
decreases  rapidly  after  the  passage  of  the  front  (Ganor  £  Mamane,  1981). 

Several  typical  situations  of  dust  distribution  were  characterised  by  Ganor  &  Yaalon 
(1979): 

1.  Dust  is  carried  in  an  unstable  atmosphere.  A  good  dispersion  of  dust  to  heights  of 
-4000m.  As  the  atmosphere  stabilises  and  the  turbulence  subsides,  dust  settles  in  a  dry  state. 

2.  Dust  is  carries  in  an  unstable  atmosphere  and  stays  in  the  air  for  several  days.  The 
portion  that  does  not  settle  is  well  dispersed  in  the  air  to  heights  of  several  lO^m  and  is  carried 
from  the  Sahara  to  the  northeast  with  unstable  air  masses. 

3.  Dust  is  carried  in  an  unstable  atmosphere.  In  the  south  —  dust  storms;  in  the  north  — 
piccipjtatioii.  Dust  is  dispersed  in  the  air  to  heights  of  2000m  and  is  washed  down  by  rain  in 
the  later  region. 

4.  Stable  air  at  high  elevation  limits  the  upward  dispersion  of  dust  to  the  top  of  the  cloud 
layer.  Oust  is  wrshed  down  by  precipitation. 

Dust  may  be  barred  from  upward  dispersion  by  a  stable  layer  at  a  certain  elevation  above 
the  ground.  Most  of  the  dust  is  highly  concentrated  in  low  layers  of  the  atmosphere.  Such  a 
condition  is  frequently  observed  in  Israel.  The  dust  concentration  is  usually  2000-4000/im/m^ 
near  the  ground  and  <500>ig/in^  at  elevation  of  l,SO0m.  At  higher  elevations,  above  the  mixing 
tone,  the  concentration  is  very  low  — lO/ig/m^  (Ganor  £  Mamane,  1981). 

Examination  of  the  concentration  of  dust  with  both  elevation  above  the  ground  and  the  di.s- 
lance  from  the  western  Saharsn  source  area  yields  the  following  general  scheme  (6g.  B.5.1;  Schiits  rt 
al.,  1981): 

1.  Approximately  two-thirds  of  the  total  mass  falls  wilhin  the  first  1,000  km. 

2.  High  concentration  of  both  submicron  and  larger  particles  are  typical  to  elevations  of  1-4 
ktn  above  the  ground,  close  to  source  area.  At  distances  >300  km  from  the  coast  much  of  the  dust  is 
of  a  lubtnicron  siae.  It  in  concentrated  mostly  at  heights  of  1-5  km  above  the  Atlantic  Ocean  and  its 
vertical  distribution  remains  unchanged  for  distances  of  several  10^  kni. 

3.  The  general  distribution  of  dust  (both  submicron  ar.d  >0.001  mm  in  sise)  is  nearly  even 
throughout  much  of  the  atmosphere  (to  altitudes  of  5  km),  at  distances  >1300  km  from  the  west 
Saharan  source  area. 

The  general  pattern,  then,  is  that  for  long  distances  (SOO-1000  km)  there  is  a  high  concentration 
of  dust  ill  the  lone  of  the  greater  wind  velocity  (the  900  mb  sone;  Kalu,  1979).  Only  at  greater 
distances,  after  much  of  the  coarse  particles  have  settled,  there  is  a  rather  even  concentration  of  du.si 
with  altitude. 
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Figure  B.0.1  \%rtic«l  diitribution  of  mineral  dust  with  altitude  and  diatance 
from  the  Saharan  duit  aonice,  acroM  the  Atlantic  Ocean  (Schiiti 
et  la^  1981). 

B.7  SOME  RELATIONS  OF  ATMOSPBBRIC  DUST  TO  CLIMATE 


The  amounts  and  particle  sise  composition  of  dust  are  related  to  climate  in  tereral  wa^s.  Some 
pertinent  factors  are: 

1.  The  mode  and  degree  of  weathiring  and  the  nature  of  the  weathering  product*. 

2.  The  mode  and  rate  of  removal,  transport,  sorting  and  deposition  of  debris. 

3.  The  soil  forming  processes  and  the  nature  of  the  soil. 

4.  The  water  budget  and  the  type  of  vegetation. 

5.  The  nature  of  the  atmospheric  conditions  -  temperature,  air  humidit jr,  wind,  precipitation. 

In  regions  of  subhumid  and  humid  climates  there  is  an  extensive  formation  of  dust>*i*ed  ma¬ 
terials  by  weathering  and  soil  forming  processes.  However,  three  factors  render  most  of  this  dust 
unavailabie  to  deflation  and  transport  by  winds:  the  vegetation,  the  high  content  of  fine  silt  and 
clay  and  the  moisture  —  both  in  the  ground  and  in  the  air.  Surficial  dust  in  non-arid  regions  is 
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protected  and  cohef  in.  Most  of  the  atmospheric  dost  is  deiiTcd  from  the  arid  terrains.  On  the  other 
hand,  the  non-arid  enrironmente  aerye  as  the  best  surficial  traps  for  settling  dust. 

Generally,  there  it  a  decrease  in  the  freqnency  and  duration  of  dust  storms  from  the  arid  tone 
into  the  subhumid  and  humid  regions  (see  also  chapter  B.5].  The  main  reason  for  this  situation  is  the 
desert  being  a  region  of  exposed  dust  whereas  in  the  more  humid  regions  there  is  hardly  a  possibility 
of  a  local  dust  storm.  Also,  most  (and  in  tome  cates  —  all)  the  dust  that  originates  in  the  deserts 
settles  near  the  source  area  or  along  the  desert  fringe.  Rather  low  amounts  of  dust  teach  the  humid 
regions,  but  as  stated  above  —  the  dust  it  trapped  there  for  long  periods  of  time. 

Figure  B.7.1  illuitrates  the  variation  in  the  amounts  of  dustfall  in  the  Sinai  and  Israel  (Ganor, 

1975) .  Dustfall  in  the  Sinai  and  the  Negev  is  2-3  times  greater  than  in  northern  Israel.  Particle  site 
also  decreases  from  to<'‘.h  (oesert)  to  north  (subhumid)  in  this  region.  The  content  of  6ne  silt  and 
clay  in  the  atmo^j^eric  dust  increases  from  south  to  north;  In  Beer  Sheva  (-200  mm/yr  of  mean 
annual  precipitation)  there  is  10-30%  clay  in  the  settling  dust,  whereas  in  Jerusalem  and  Haifa 
(500-600mm/y  r)  there  is  a  clay  content  of  30-50%  and  45-70%,  respectively  (Yaalon  &  Ginibourg, 
1966).  Figure  B.7.2  illustrates  these  Ends.  This  trend  is  found  also  in  the  soils  of  the  respective  re¬ 
gions. 

The  effects  of  climatic  change  on  the  amounts  of  atmospheric  dust  are  considered  to  be 
profound.  During  the  glacial  periods  of  the  Pleistocene  there  was  a  large  lupply  of  dust  from  glacial 
regions  and  a  high  rate  of  loesa  dqrosition  around  the  glaciated  areas.  This  atmospheric  dust,  rein¬ 
forced  by  occasional  emission  of  vcicanic  ash,  may  have  led  to  further  cooling  of  the  atmosphere, 
air  subaidence  in  the  subtropics  and  aridisation  in  this  later  region  (Bryson  &  Bserreit,  1967; 
Jsekson  et  al.,  1973).  Isdo  (1961),  however,  emphasises  the  possibility  of  heating  of  the  atmosphere  due 
to  the  ’thermal  blanketing*  by  airborne  dust.  Tbe  production  of  dust  from  glacial,  volcanic  and 
desert  aources  may  have  been  up  to  10^  times  greater  during  extended  periods  of  the  Quaternary 
than  at  present  (Jackson  et  al.,  1973). 

Some  of  the  sequences  of  bulled  loeatial  paleoaols  in  areas  like  the  northern  Negev  (Bruins, 

1976)  may  reflect  changes  in  the  rates  of  incoming  and  settling  dust  rather  than  "local*  climatic 
changes.  In  such  a  situation,  variation  in  tbe  characteristics  of  these  paleosols  —  the  content  of 
secondary  carbonate  and  clay  —  reflects  climatic  fluctuations  in  the  major  source  areas,  such  as  the 
Sahara. 
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Figure  B.7.2  Grain-site  dutribulion  of  dusi  samples  from  Israel.  Curves  are  for  samples  coliccicd  in 
Yeroham  and  Jerusalem  during  slorms  of  November  1958.  Additional  data  from  Mishmar  Hanegev, 
Jerusalem  and  Rchovot  are  marked  by  symbols  and  taken  from  published  accounts  (Ravikovitch, 
1953;  Kaplav,  19S9;  Si  ATKint,  1960).  Ffom  Yaalon  &  Giniboutg  (1966). 


B.8  AMOUNTS  AND  CONCENTRATIONS  OF  DUST  IN  THE  ATMOSPHERE 

(ace  klio  ehapC«r  B.9). 

The  eoncentriition  of  du«t  in  the  atmoepheio  rnriea  greatljr  with  time  and  rpace.  In  arid 
regions  one  may  find  rery  high  concentration  —  from  23,OOOj<g/m*  in  a  dust  storm  in  the  Negev 
(Ganor  &  Yaalon,  1979)  to  extreme  concentrations  of  176,000ji/m^  elsewhere  (Orgill  and  Sdimel, 
1978).  Concentrations  over  the  oceans  are  much  lower  —  from  a  fraction  of  a  jjp/m®  over  a  quiet 
ocean  to  100/rg/m*  over  a  stormy  one  (Piwt,  1981).  The  average  figures  are  usually  rather  low  even 
for  areas  where  the  terrains  are  dust-rich  and  the  availability  of  dust  is  high;  1.  10-140;ig/m^  in  the 
Great  Plains  (Prospero,  1982);  2.  100-300pg/m*  in  Befer  Sheva  or  130-600)ig/in®  in  Elat  (Ganor, 
1976).  <10/ig/m®  is  frequently  measured  during  bright  days  and  lOOOjjg/m*  —  during  hasy  days. 
Figure  B.8.1  illustrates  the  average  dust  concentrations  on  a  broad  regional  scale. 
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Figufe  B.8.1  Survey  of  the  concenlration 
rangev  01  mineral  <Ju5t  in  (he  troposphere 
based  on  numerous  studies  by  among 
others  -  the  toUovring  authors;  UliffoiiJ. 

(  hesselet,  Duce,  Ferguson,  Hoffman, 
fiillette,  Goldberg,  Criffin,  Jjcnieisc, 

I’rospero,  Rahn,  Sehute,  Winchester,  Zoller 

(Junge,  1979). 

The  quantities  of  dust  contributed  annually  to  th'  atmospheie  is  estimated  to  be  about 
SOOlO  *  tons/yr.  Between  1/2  and  2/3  of  this  amount  is  raised  from  the  Sahara  Desert  —  about 
290.10*  tons/yr  from  the  western  Sahara  (Schiitt  ct  al.,  1981)  and  some  7010*  tons/yr  from  the 
eastern  Sahara  (Canor  &  Mamane,  1981;  fig.  B.2.2).  It  is  possible  that  150-20010*  tons/yr  of  net 
weight  leave  the  Sahara;  most  of  it  is  carried  westward  and  appreciable  amounts  are  transported  to 
the  northeast  and  the  north.  Most  of  the  dust  which  leaves  the  Sahara  is  deposited  in  the  first  10^ 
km  (Schiits  et  al.,  1981);  most  of  the  sediments  in  the  eastern  Atlantic  Ocean  off  the  Saharan  coast 
and  the  soils  northeast  of  the  Sahara  are  derived  from  this  dust  fallout.  A  single  dust  storm  may 
bring  to  the  eastern  Mediterranean  basin  more  than  10*  tons  of  dust.  FVequent  dust  storms  in  the 
Negev  may  deposit  2-lOg/m^  per  storm;  50-10g/m*  of  dust  may  be  added  to  the  ground  during  a 
major  storm.  Most  of  the  dust  in  this  region  settles  in  the  winter-spring  —  Fhbruary-May.  {see 
chapter  E.2  for  additional  data). 


B.9  PARTICLE  SIZE  DISTRIBUTION 

The  particle  siie  distribution  of  atmospheric  dust  is  determined  by  four  major  factors:  The  sire 
distribution  of  the  material  available  on  the  ground  for  the  mobilisation  and  transport  by  the 
winds;  the  characteristics  of  the  mobilising  and  carrying  wind  —  its  tractive  force,  velocity  profile, 
direction  and  turbulance;  the  distance  from  the  source  area;  the  climatic  regime  along  the  course  of 
the  dust  motion  —  temperature,  air  humidity,  precipitation  of  various  kinds. 
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Sorting  and  diOenntiation  of  colian  aadimanta  and  airborna  mineral  particlea  are  active  along 
the  entire  route.  Figuiea  B.9.1  and  B.9.3  demoatrate  the  decicaae  in  particale  aiie  of  wind  blown 
materiala  from  the  Saharan  aoursa  area  to  the  Atlantic  Ocean;  aand  ficlda  (erga);  aandatorma  car* 
ring  land  and  ailt;  loam  and  ailt-loam  tranaportad  aa  loeaa;  ailt  and  clajr  carried  aa  atmoapherie 
duat  to  great  diatancea.  Figurea  B.7.2  and  B.9,3  ahowa  further  differentiation  aa  the  duat  movea  from 
an  arid  tone  into  a  aubhumid  one. 
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Figure  B.9.1  Comparison  of  dlffereni  idealized  mass 
distributions  based  on  the  following  sources: 


(1)  Scliutz  and  Jacnicke  (1974),  sand  from  the 
Libyan  desert,  hrg  Ubari 

(2)  Same  source  and  location  as  (I  )  but  aerosol 
during  sand  storm 

(3)  Luclitbauer  and  Muller  (  1970),  average  of  8  loess 
distributions  from  various  continents 

(4 )  iaenicke  and  Scliutz  ( 1977),  average  mass  distribu¬ 
tion  over  the  Cape  Verde  Islands 

(Junge,  1979). 


Figure  B.9.2  Sand  fractionation  processes  by  wind, 
schematic.  The  original  sand  distribution  is  frac¬ 
tionated  into  major  fraction  2,  3,  and  4  as  a  func¬ 
tion  of  distance  from  the  source  Clirves  5,  5,  and  7 
depict  the  change  in  concentration  due  'o  both  wet 
and  dry  removal  from  the  atmosphere.  The  sum  of 
curve  2,  3,  and  4  should  be  equal  to  the  original 
curve  I 

(Junge,  1979), 
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FlgOM  B.t.J  Cumulitive  griin  lize  curves  for  dust  collected 
during  the  storm  of  April  19,  1973.  Note  the  decrtssing  coarse 
sUt  conlenl  going  from  the  desertic  South  (Avdat,  Beer  Shcve) 
to  the  Mediterranesn  North  (Keftr  GUeadi,  Mt.  Hermon) 

Prom  Yaaloa  &  Caaor  (1S7S). 


Frequently,  the  dust  in  the  atmosphere  over  deserts  and  adjacent  areas  is  composed  mainly 
of  coarse  and  medium  sited  silt.  Several  examples  will  illustrate  this  point: 

1.  Ganor  (1975)  summerised  the  particle  site  characteristics  of  settling  atmospheric  dust  in 
regional  dust  storms  in  Itrasl:  (a)  Fine  sand  —  2-7%;  coarse  and  medium  siKd  tilt  — 
20-45%;  fine  silt  —  6-10%;  clay  —  14-20%.  (b)  There  it  a  trend  of  the  finer  dust  to  be  carried 
farther  north.  Figure  B.9.1  illustrates  tbit  tendency  for  a  particular  storm.(c)  Suspended  dust 
is  generally  smaller  in  grain  site  than  settling  dust.  The  former  includes  a  very  high  content 
of  fine  tilt  and  clay.  This  dust  was  collected  at  high  elevation  above  the  ground  and  during 
bright  days.  More  than  80%  is  smaller  than  0.002  mm  in  site.  The  maximal  sites  measured 
were  0.015-0.020  mm. 

2.  Dust  samples  collected  in  Ariiona  are  composed  mostly  of  tilt  (-80%)  with  secondary 
fine  sand  and  clay,  -10%  each  (P4w4,1981).  In  figure  B.9.4  we  can  see  that  dust  samples  in  other 
regions,  such  as  Kansas  and  Germany  are  similar  in  site  but  may  contain  lest  clay.  Dust  sam¬ 
ples  from  Barbados,  West  Indies,  are  much  finer  —  they  are  composed  mostly  of  very  fine  silt 
and  clay  (tee  also  chapter  B.8]. 
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1  ic  M;NKttAL  COMPOSITION  AND  MICROMORPHOLOGY 


The  'iiinerologick!  compoaition  of  atmospheric  dust  is  determined  by  various  factors,  such  as 
tiu-  iithoiogy  in  the  source  areas,  the  differential  aise  and  density  of  the  available  particles  and  the 
clr  c'l-;  ii  of  the  atmospheric  circulation  and  winds.  Most  of  the  desert  dust  in  the  atmosphere 
i:  k  riv, from  weathered  surficial  <lq>osits  and  aridic  soils.  Much  of  the  dust  has  been  recycled 
11' '  ny  times  so  that  its  relationship  to  a  particular  source  is  somewhat  obscured. 

A.'-  'iiiphasiied  in  chapter  B.9,  much  of  the  dust  in  deserts  is  silt  with  lesser  amounts  of  clay.  In 
('u-  vM  '.n  Mediterranean  region,  where  most  of  the  dusi  is  derived  from  the  Sahara,  the  silt  is 
:  11  o.'  predominantly  of  calotte  (35-45%),  quarts  (30-40%),  dolomite  (10-20%)  and  feldspar 
;  io'', ;  Soluble  minerala,  such  as  salts  and  gypsum  compose  less  thsn  1%.  The  clsys  are  predom- 

iii  int  ly  i.oiitmorlllonite  (30-40%),  with  secondary  kaolinite  (15-30%)  and  illite  (15-30%).  Figures 
IVIO.'.  .11. d  B.10.2  present  the  composition  of  dust  samples  collected  in  Israel  (Ganor  &  Mamane, 
M  i]  avenge  content  of  the  dust  in  Israel  is:  calcite  and  dolomite  —  45%,  quarts  —  30%, 
f',1  i-  pi'  md  other  silicate  miuetala  —  7%,  halite  and  gypsum  —  <1%,  montmorillonite  —  <6%, 
K  ;  .1  i  i';‘»  —  3-6%,  illite  —  3-6%. 

Thi  abi've  composition  reSects  the  predominant  contribution  of  dust  from  Cretateous  and  Terti¬ 
ary  .''.ih  inat.  rocks  and  sandstones  of  Paleoioic  and  early  Cretaceous  ages,  as  well  as  the  surSclal 
p  <.111  deri  1  I'd  from  them  —  all  in  the  northern  Sahara  and  the  deserts  of  the  Middle  East.  The 
Ck'ntribution  from  outcrops  of  igneous  rocks  is  rather  limited. 

Ill  t'.ie  western  Sahara  one  Ends  s  slightly  different  composition:  quarts  is  a  major  mineral  in 
il"-  si'.t  r.-action  and  illite  —  in  the  clay  fraction.  In  southwestern  United  States  there  is  usually  a 
pr  'I'Mi'i  lance  of  silicate  minerals  in  the  desert  dust  —  quarts,  feldspar,  heavy  minerals  and  clays 
-  I  or.i  ributed  by  the  vast  exposures  of  igneous  and  inetamorphic  silicate  rocks  and  their  weather- 
icy  pn^d'icts.  The  contribution  of  primary  carbonate  minerals  it  usually  insignificant. 

Tl  mleromorphology  of  the  particles  composing  the  silt  fraction  in  the  atmospheric  dust 
ill  '  ll!  .  '.yjev  is  as  follows  (Ganor,  1976): 

^  silt  (<0.020  mm)  shows  good  sphericity  and  roundnest. 

2.  Larger  silt  particles  ate  angular  and  less  spherical. 

3.  L'Isy  particles  adhere  to  larger  particles  to  form  aggregates. 

4.  i  articles  of  quarts  and  feldspar  ate  usually  weathered  and  broken.  The  latter  are  alto  pitted. 
Calciti-  particles  are  made  of  whole  crystals,  broken  crystals  and  foraminifera  (usually  well  round- 
i-d).  r>)lomite  crystals  are  well  preserved.  Dark  and  heavy  minerals  are  usually  weathered,  subangn- 
1'':  -.o  aiigular  in  form. 
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U.I  itorm..  Not,  ,h.  Jow  p,«enUg,  of  iJilt.  (G»aor  6  Mamane,  IWl). 


FART  C  THE  NON-GRAVELLY  MATERIALS  IN  DESERT  SOILS 
AND  DEPOSITS  —  SAND,  SILT  AND  CLAY 


C.l  TEXTURE  —  PARTICLE  SIZE  COMPOSITION  AND  DISTRIBUTION  OF 
SAND  AND  DUST 

Introduction 

P&rticle  site  diatribution  of  nun-gravcIIy  materials  in  the  debris  mantle  and  soils  in 
deserts  is  determined  by  several  main  factors: 

1.  The  influence  of  rock  type  on  else  distribution  of  the  weathered  mantle  at  a  given  sit>'. 
Most  rock  types  are  hard  and  indurated  and  do  not  contribute  to  the  sand  and  dust  fractions  in 
large  amounts  at  the  site  of  weathering.  Thus  one  docs  nut  find  a  large  content  of  fine  particles 
derived  f.mm  native  limestone,  dolomite,  fiint,  granite,  diorite  and  other  types  of  indurated 
brittle  rocks  at  a  given  site  of  weathering.  On  the  other  hand,  large  quantities  of  fine  grained 
debris  may  be  found  on  chalks,  shales,  mudstones  and  sandstones.  Such  debris  may  be  tran¬ 
sported  by  running  water  and  wind  to  various  sites  of  accumulation. 

2.  PartlcU  site  distribution  of  settling  atmoipheric  dust.  Such  dust  is  of  varying  particle 
sire,  according  -o  synoptic  conditions,  wind  characteristics  and  sources  of  dust  (»ee  Part  H).  In 
some  cases,  the  contribution  from  sandy  sources  renders  the  average  dust  texture  rather  coarse 
grained. 

3.  Selective  trapping  of  dust  fractions,  after  the  dust  brought  to  a  site  by  wind  or  runnint; 
water  settles  on  the  ground  (see  chapter  E.2). 

4.  Differential  mobility  and  translocation  of  dust  fractions  according  to  dust  trap  charac. 
teristic.s,  hydrologic  regime  and  water  or  soil  salinity.  Such  differential  mobility  and  accurnu- 
1?  ion  are  typical  of  slow  dust  accumulation,  where  the  trapped  dust  and  accompanying  salts 
themselves  gradually  change  the  characteristics  of  the  soil  as  a  dust  trap  (see  chapter  Iv.2). 

5.  Climate,  which  determines  to  a  high  degree  the  course  and  rate  of  wemhering  of  larg<' 
particles  to  small  ones,  or  the  translocation  of  fine  dust  from  surficial  soil  horisont  Into  lower 
ones.  Hence,  under  less  arid  cll..iates  or  an  environmental  regime  where  coarser  soil  psrticlei 
weather  down  to  fine  silts  and  clays,one  should  expect  fine  grained  dust  in  areas  further  away 
from  sources  of  sand,  where  eolian  dust  is  dominant. 

Dust  Trapped  Iri  Archaeological  Sites 

Archaeoiogical  sites  may  serve  as  good  long-term  dust  collectors.  In  the  Negev  there  ar" 
many  hundreds  of  archaeological  structures  of  different  ages  which  vary  in  slie  anil  jiropuriion. 
Many  of  these  structures  were  originally  without  roofs  or  their  roofs  had  collapsed  rather  <  sr- 
ly  after  their  abandonment.  Most  of  the  structures  were  tilled  with  trapped  dust  during  the 
first  1-2  millennia  after  their  abandonment  (see  chapter  It.2J. 

Four  archaeological  sites  were  eanipicd  for  particle  sire  dislribulion:  'lei  Arad  In  the 
northwestern  Negev,  De'er  lieeissim  in  the  western  Negev,  the  .Sha’ar  Ilaiiion  I'orl  In  the  cenlrsl 
Negev  and  a  building  in  Biqat  Uvda  in  the  southern  Negev,  'I'he  fuieil  grained  dust  was  round 
in  Tel  Arad,  the  site  fa.thest  from  sources  of  sand  and  under  the  Ivaili  arid  clltiiilei  Particle 
sire  composition  is  sllt(60%)  ;>>  aand(21%)  >  clay(IO/fi).  'J'he  average  for  all  samples  is 
silt(46%)  >  8Bnd(3fl%)  >  clay(l!(%).  The  finer  fractions  (silt  -♦  i  lay)  are  rather  siiiiilar  to  those 
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.1  H-.t-ing  atmospheric  dust  (Ganor,  1975)  in  which  coarse  silt  (0.018-0.083mm)  comprises 

-''/Cl  of  the  silt  +  clay  fractions.  Fine  sand  (0,083-0.250miD)  is  dominant  within  the  sand 
Tr  ti  (68?S  on  the  average)  and  may  reach  90%,  as  in  the  Uvda  Valley  or  be  as  low  as  50%,  as 
.11  1 '  Sha’ar  Ramon  Fort. 

iai  Solis  And  Loeasial  Seroscma 

:.irire  ioes.sial  soils  and  loesaial  seroiems  are  derived  primarilly  from  eolian  and  reworked 
llu'/  al  loess,  they  are  composed  mostly  (60-95%)  of  silt  and  clay,  but  particle  sise  is  different  in 

'  .i.'e  IS  soils.  Well  developed  loess  soils  are  composed  of  silty-clay  and  silty-clav-loam. 
j'"’.:.  ire  formed  in  sites  situated  away  from  sources  of  eolian  sand,  under  semi-arid  to 
-•  !y  arid  climates.  Young,  less  developed  loess  soils  under  the  same  environmental  con- 
'  s  1'.'  usually  silt-loam  in  nature  (fig.  C.l.lA).  The  loessial  Serozem  soils  are  sometimes 
i] .  iof.i  .  nd  silty-clay-loam,  aa  in  the  central  Negev.  Coarse  sill  is  dominant  in  the  silt  frac- 
'  id:'  and  '  lay  content  is  signifient  in  areas  where  bare  rock  is  exposed  above  pockets  of  loessial 
.u-r.iiam  .oils  (Arzi,  1981).  Usually,  loessial  soils  turn  into  less  clayey,  more  coarse  grained 
s.iilc  iir.(  ..r  two  sets  of  environmental  conditions;  (a)  the  close  proximity  of  sources  of  sand,  as 
in  S  v.vi  .  rn  Negev,  and  (b)  prevalence  of  arid  conditions,  as  in  the  central  Negev. 

The  domi  'iant  fractiors  in  the  loessial  soils  are  fine  sand,  coarse  silt  and  fine  clay  (fig. 
C.I.IB).  Fine  rill  and  fine  clay  arc  prominent  in  the  B  horiion  of  the  loessial  soils.  In  recent 
loos:,  soils,  such  as  in  the  upper  member  of  the  Netivot  section  of  Paleosols  (Bruins,  1976)  one 
'in:;.,  an  average  composition  of  silt  (62%)  »  clay  (28%)  !>  sand  (10%).  The  quantities  of 
.'osrse  silt  and  fine  silt  4-  clay  in  the  dust  fraction  of  soils  are  similar  to  those  in  settling 
atmospheric  dust  (Canor,  1975).  Older,  buried  paleosols  are  often  more  clayey  in  nature  with 
l.iy  {•to  60%  <=>  silt  (40-50%)  3»  sand  (2-12%).The  textural  composition  appears  to  have 
ehar.ged  according  to  climatic  cyclicity  during  the  upper  Quarternary  (Bruins,  1976). 

Vakyr  And  Solonchak  Soils 

i'layas  —  developed  in  the  centrer  of  closed  basins  in  arid  environments  —  are  character¬ 
ed  by  two  types  of  soils;  (a)  Takyr  —  a  fine  textured  soil  of  slight  to  moderate  salinity;  (b) 
olurchaic  —  a  soil  of  high  salinity  and  diversified  texture  (typical  also  to  Sabkhas  —  coastal 
a!if  1  flats),  the  texture  and  salinity  of  the  respective  soils  are  associated  with  the  hydrologi- 
i!  and  sedimenlological  regimes  of  the  sites  in  question;  sorting  and  fining  of  sediment  to- 
•a  ard  the  center  of  ptayas  and  the  position  of  the  water  table;  a  shallow  water  table  leads  to 
l.igK  salinity.  Hence,  there  is  a  general  lonation  in  particle  site  and  salinity  from  the  margin 

•  f  playas  towared  their  center  (plate  3). 

Tnkyr  Soils 

There  is  a  difference  in  the  textural  composition  of  young  Takyr  soils  and  well-developed 
Oil's  (figuris  C.I.IB;  C.1.2d,e,f).  The  former  are  silt-loam  whereas  the  latter  are  mostly  silty- 
'  (ay  and  silty-clay-loam.  On  the  average,  A  hortsons  arc  of  the  silt  (46%)  >  clay  (41%)  »  sand 
;i.t%)  type,  n  horizons  are  of  the  clay  (58%)  >  silt  (42%)  3>  sand  (21%)  type,  and  C  horizoiis 

•  re  of  the  silt  (55%)  >  clay  (33%)  »  sand  (16%)  type.  The  sand  is  usu-ally  fine  sand.  There  is 
also  a  textural  trend  in  the  silty  fractions  of  the  different  horizons;  the  A  horiion  —  fine  silt 
(37%)  >  coarse  silt  (19%);  the  B  horizon  —  fine  silt  (33%)  »  coarse  silt  (9%);  the  C  horizon  - 
•'.na.'fe  silt  (39%)  fine  silt  (16%).  The  clay  is  mostly  fine  clay;  it  is  mostly  prominent  in  D 
horiion  (48%  fine  clay;  12%  coarse  clay). 
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B*  The  general  textural  composition  of  soils  in  the  desert  environments  in  Israel 
and  the  Sinai  Peninsula  (see  fig.  IC  for  textural  definitions). 


Theic  are  tome  textura'  difference*  between  Tt-kyr  loili  in  pi*)'*  center  and  those  located 
at  pla^a  margini;  the  material  become*  finer  a*  one  approache*  the  center  of  the  play*  (fig- 
C.1.3A). 

Takyr  •oili,  theni  are  fairl)r  •imilar  in  particle  die  to  loeiiial  eoili,  both  in  texture  and  in 
horiionation.  This  ia  undeiitandable  aince  the  parent  material  is  dust  and  the  fine  fractions 
are  concentrated  in  the  center  of  a  playa;  this  leads  to  a  continuous  accumulation  of  silts  and 
clays  in  a  temporarily  wet  eneironment.  Examination  of  fig.  C.l.lB  shows  the  similarity  of 
Takyr  soils  (2,3)  to  settling  atmospheric  dust  (1).  ^^^ll  developed  Takyr  soils  ate  of  a  clay-loam 
texture  —  characteristic  of  average  atmospheric  dust  in  deserts. 

Solonehak  Soils 

Solonchak  soils  are  very  saline.  deal  here  only  with  both  non-gravelly  and  non-saline 
particulate  materials  in  these  soils. 

The  texture  of  Solonchak  soils  is  highly  dependent  on  their  location  within  a  playa  or  a 
sabkha,  and  on  the  differentiation  of  the  incoming  fluvlatile  load  across  the  playa  sonei.  For 
example,  most  of  the  Solonchak  soils  in  the  southern  Arava  Valley  and  along  the  Gulf  of  Elat 
are  composed  of  sands,  loamy-sands  and  landy-loams.  Sand  is  a  substantial  component  of 
these  soils  which  are  composed  of  30-70%  sand,  10-20%  silt  and  1-10%  clay  (figures  C.1.3B; 
C.1.2g-i).  However,  at  the  center  of  many  playa*  one  finds  soils  of  finer  texture;  for  example 
silty  and  sandy  clays  at  the  center  of  the  Yotvata  Playa  in  the  southern  Arava  Valley  (Amici 
and  Friedman,  1971)  or  siity-clay-loam  Solonchak*  of  the  Sedom  Sabkha,  south  of  the  Dead  Sea 
(Dan,  1981).  Only  the  textures  of  the  soils  at  the  center  of  the  playas  may  be  predicted,  having 
a  predominance  of  silt  and  clay  (as  in  Takyr  soils):  silt  (50-00%)  >  clay  (20-45%)  >  sand 
(1-24%)  in  the  Sedom  Sabkha. 

Usually  the  upper  horiion*  ate  of  coarser  texture  than  the  lower  ones.  The  profile  is  more 
of  an  accumulating  nature  than  that  of  a  soil  divided  into  clear  genetic  horisons. 

Recent  Alluvium  And  Colluvium 

Recent  alluvium  ii  most  diversified  with  respect  to  particle  siie  distribution.  It  may  in¬ 
clude  gravel,  sand  and  finer  fractions  in  various  proportions  (see  part  D).  Only  under  a  few 
environmental  conditions  may  we  expect  clear  trends  such  as  exhibited  by  loessial,  sandy  (in¬ 
cluding  friable  sandstone]  and  ahaly  terrains,  where  the  particle  sise  of  the  parent  material 
highly  affects  the  sise  distribution  of  the  resulting  debris. 

In  gravelly  alluvial  channels  which  drain  terrains  built  of  hard  brittle  rocks  that  do  not 
weathsr  to  fine  fractions,  we  find  varying  amountt  of  sand  and  silt  with  a  very  small  com¬ 
ponent  of  clay.  These  fractions  usually  do  not  amount  to  more  than  20%  of  the  surficial  alluvi¬ 
um  and  in  most  cases  their  content  ranges  between  1  and  10%, 

The  non-grtvelly  fractions  in  coarse  desert  alluvium  are  usually  sandy-loam  in  nature: 
sand  (80-90%)  >  silt  (10-15%)  >  clay  (1-5%).  At  the  surface  (0-10  cm  in  depth)  there  is  a 
higher  concentration  of  fine  fractlone  than  at  depth.  An  example  is  the  alluvial  channel  of 
Wadi  Mandara  (eastern  Sinai).  At  O-lOctn  depth  the  sediment  consists  of  87%  sand,  11%  silt 
and  2%  clay.  At  10-00  cm  depth  there  is  98%  sand,  4%  silt  and  only  traces  of  clay. 
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Figure  C.1.2,  Continued 
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FJguie  C.L3.  A.  Texture,  by  site  fractions  with  depth,  of  two  Talcjr  soils  in  Qa  en  Naqb,  we«t  of 

the  Elat  mountains,  southern  Negev.  1.  Center  of  the  playa.  2.  The  margins  of  the 
central  playa  lone.  The  finer  fractions  are  more  abundant  in  the  ui^er  0.5  m  of  the 
toil  profile  in  the  central  playa  tone. 


Often  there  are  patches  of  higher  silt  concentration  at  the  surface.  In  Makhtesh  Ramon 
(central  Negev)  we  have  observed  a  0.1  cm  thick  crust  having  76%  sand,  22%  silt  and  2%  clay, 
deeper  —  0.1-37.5  cm  —  the  non-gravelly  alluvium  is  composed  of  95%  sand,  5%  silt  and  only 
traces  of  clay. 

The  difference  in  grain  sise  between  the  surface  and  depth  in  the  non-gravelly  components 
is  attributed  to  the  effects  of  additional  silt  and  some  clay  deposition  during  the  latest  stages 
of  flood  flows  as  well  as  of  flows  of  low  discharge  and  power,  which  transport  only  the  finer 
fractions.  The  surficlal  layer,  nsually  several  tens  of  cm  thick,  is  frequently  affected  by  scour 
and  fill  processes  (which  occur  under  relatively  high  discharge  and  stream  power)  and  conse¬ 
quently  does  not  contain  high  amounts  of  fine  fractions.  In  other  cases  there  is  a  surficial  depo¬ 
sition  of  fine  material  during  ebbing  flows  and  the  uppermost  few  cm  are  enriched  with  silt  and 
some  c  lay.  A  very  high  variability  with  respect  to  dust  content  and  particle  site  distribution  is 
characteristic  to  recent  alluvium. 

The  colluvial  mantle  is  generally  of  a  cumulative  nature.  It  is  subjected  to  some  weather¬ 
ing  at  its  lower  horitons,  as  well  as  accumulating  wind  blown  and  washed-in  dust.  The  result¬ 
ing  profiles  are  usually  Regosols,  Lithosols,  Reg  soils,  Serosem  soils,  as  described  elsewhere  in 
this  chapter. 

Reg  Soils 

Reg  soils  are  silt-loam  gravelly  soils.  They  develop  on  alluvial  surfaces  usually  composed 
of  medium  to  coarse  gravel.  The  gravel  serves  as  a  trap  for  settling  atmospheric  dust  and  salts 
which  penetrate  into  the  surficial  deposits  and  turn  them  into  soils  with  diagnostic  horisons. 
Usually  it  is  possible  to  differentiate  between  young  Reg  soils  (on  Holocene  alluvial  surfaces) 
and  older  Reg  soils  (on  Pleistocene  alluvial  surfaces)  by  surficial  meso  and  micro-morphology 
as  well  as  textural  composition. 

Reg  Solis  On  Holoeenc  Alluvial  Surfaces 

Holocene  Reg  soils,  being  young,  reflect  the  composition  of  the  alluvial  parent  material  in 
most  of  their  horiiones.  Only  the  A  horison  is  closer  in  composition  to  settling  atmospheric 
dust,  since  it  is  the  upper  soil  horison  through  which  trapped  dust  is  being  transferred  down¬ 
ward. 

Examination  of  the  non-gravelly  fractions  yields  the  following  average  trends  (figures 
C.1.2n,o,p;  C.1.4;  C.1.5A.B): 

1.  A,  horison  is  silt-loam:  Silt  (49%)  >  sand  (41%)  >  clay  (10%),  reflecting  the  input  of 
settling  atmoshperic  dust. 

2.  B  horison  is  loam-silt-loam:  silt  (48%)  >  sand  (41%)  >■  clay  (13%). 

3.  C  horison  is  usually  sandy  loam:  Sand  (82%)  >  Silt  (34%)  clay  (5%).  The  non- 
gravelly  fractions  of  the  parent  alluvium  are  highly  reflected. 

4.  Moat  of  the  non-gravelly  fractions  are  relatively  coarse  grained,  consisting  of  70-90% 
sand  and  coarse  silt  (>0.016  mm).  The  silt  and  dry  fractions  in  the  A  and  B  horisons  are 
similar  in  composition  to  settling  atmospheric  dust  with  -50%  coarse  silt.  The  influence  of 
parent  material  on  the  C  horison  is  apparent  even  in  the  silt  and  clay  fractions  because  coarse 
silt  comprises  some  65-70%  of  the  fines.  This  shows  that  the  penetration  of  fine  silt  and  clay 
has  not  been  very  effective. 
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Figun  C.1.5.  Distribution  of  varioui  »Ue  fraction*  vrith  soil  depth  in  the  sequence  of  Holocene 
Rtg  soils  on  the  alluvial  terraces  of  Nahal  Ze’elini.  No.  1  -  an  early  Holocene  ter¬ 
race;  no,  15  -  present-day  stream  channel.  A  —  Coarse  and  fine  silt.  3  —  Coarse 
and  line  clay. 


5.  Is  the  A  snd  B  horiion*  then  U  t  higher  content  of  cUy  then  In  the  C  horli  ‘S,  'J'lie 
eulls  costein  tO-15%  in  the  lormer  and  Itet  then  6%  in  the  Utter.  Thu*  only  4  atnell  4ni''iitil 
of  clay  is  added  to  the  parent  material  in  the  C  horiton,  which,  in  moat  caaes,  originally  con 
tsina  lesa  than  2%  in  its  non-graeetly  fraction. 

Reg  Soils  On  Pleiatoeene  Alluvial  Surface* 

Many  Pleistocene  Reg  soils  are  generally  not  eigniflcastly  different  from  well  develop'd 
Holocene  Reg  soils  in  particle  sis*  distribution  of  the  nor-gravelly  fraction.  Only  vary  old 
soils  or  those  developed  in  non-sandy  Anvironments  differ  in  this  respect.  Two  rnajor  points  are 
worthy  of  emphasis: 

1.  The  foil  profile,  as  well  as  its  discrete  horlsons,  Is  thidisr  (fig.  C,1.7]. 

2.  There  1:  frequently  a  U  horiton  which  is  rvlatlvely  gravel  fret  (see  part  H) 

Several  generalisations  regarding  the  average  particle  slit  distribution  of  ths  non. gravelly 
frarlioni  may  be  presented  (figures  C.t.2J,k,l); 

1.  The  A  horiion  is  also  fine  in  texture.  Sand  {40%)  >  silt  (3b  -40%)  >  clay  {li%): 

2.  The  n  horiion  is  still  flnsr  in  texture;  elll  {40%~i0%)  >  Sand  (b09h]  >  clay  (20%)  It 
clearly  reflects  the  firiei  added  to  the  alluvial  parent  material  by  penetrating  water. 

3.  The  C  h.  riion  is  usually  iandy*loam  In  tixturei  Kand  (Sand  (97%)  >  lilt  (33%)  >  cisy 
(10%),  reflecting  the  alluvial  parent  material. 

4.  In  terraiiia  where  there  ere  no  adjacent  aand  bodies  that  may  eontrlbuts  soltah  sand  to  a 
giver,  site,  the  average  texture  of  the  soil  as  a  whuls  It  loam  to  c  Uy'loaiiii  Sand  (30  I0%),e/- 
silt  (30-80%)  >  clay  (11  26%).  For  example,  on  a  high  I’lililocens  lurUee  In  ths  I'aran  Val. 
ley,  the  texture  it:  A  and  U  horiiuns  —  Sill  (60%)  >  sand  (40%)  >  cUy  (10%)|  U  horiion 
sand  (73%)  >  till  +  clay  (27%), 

5.  In  areas  adjacent  to  sandy  terrains  (sand  fields,  sandstone  sxposures)  ons  oflsn  sn 
counters  sandy  Reg  soils:  the  average  texture  It  sand  (00  16%)  >  sill  (6  10%)  S'icli  lulls  are 
abundant  In  the  southen  Artva  Valley,  eastern  hinal  nnd  Makhleih  Ramon, 

0.  At  in  the  Moiocsiic  Reg  tolls,  the  coarser  fractions  (>  O.OIOiiitu)  are  dominant.  Thi  avit 
age  contsnt  in  the  A  horiion  Is  76%,in  the  li  horiton  70%  and  12%  in  ths  C  horiion.  Th*  flnsr 
fticilont  (<  O.OlOmm)  comprise  only  111-30%  of  the  non*grav<lly  mater  lal. 

7.  One  finds  fine  fractions  similar  in  cotuposltlon  to  svsrage  settling  aliuetphertr  dust  In 
the  A  horiion  where  coarse  slit  Is  about  60%  of  ths  total  alll  nnd  clay  rantenl.  In  ths  M  and  < ' 
iioriiont  of  Pleistocene  lolli  It  Is  approximately  40%  whereas  In  l|o|orsi,«  Reg  soil,  a 
content  is  more  common. 

Some  Conclualorr* 

The  texture  of  the  non-gravelly  ftacllont  of  Qnnlrrnary  llcg  soli  In  the  Nsa*v  itnd  Nlns I  l» 
generally  loamy.  Varialiuiio  from  tlilt  generallialion  leauli  from  •sveral  (undltlunii 

1.  Sand  contribution  from  nenr-by  sandy  terrains  lucli  as  flood  plaint,  srodlng  alluvial  lei 
races,  sand  fields  and  expoiiirsi  of  landstune.  The  tsilulling  Issture  In  such  rnei  |i  sandy 
loam. 

2.  Differentiation  within  the  soil  profile  dui  to  ths  formation  of  genttli,  soil  horlsonii  for 
example  C  horiion  is  usually  landy-loain  with  Ioh  clay  content,  refiecting  tlii  Isalure  of  tin 
alluvial  parent  material.  The  A  and  II  hotlioni  are  close  In  leature,  with  the  latter  biltig 
elightly  higher  in  clay. 


coart#  ci«y,%  tioacaiy.* 


3.  Age.  This  factor  is  significant  within  a  given  Quaternary  soil  chronosequence,  but  may 
be  obscured  on  a  regional  scale  by  conditions  (1)  and  (2)  above. 

The  trends  in  evolution  of  Reg  soil  texture  with  time  are  observed  in  soil  chronosequences 
on  flights  of  alluvial  surfaces,  \bung  Holocene  Reg  soils  (<  2000  years  old)  do  not  show  clear 
horiior.aticn  but  there  is  a  distinct  decrease  in  the  contents  of  silt  and  clay  with  depth  even  in 
very  young  soils. 

Textural  differentiation  is  accentuated  with  time,  as  fine  fractions  accumulate  in  the  upper 
horiione,  at  depths  of  0-.S  cm  (less  frequently  —  0-10  cm)  with  25-45%  silt  and  10-20%  clay  in 
the  T  hori’.or..  Usually  there  are  two  patterns  of  textural  changes  with  depth  (figures  C.l.fiA.H; 
U.1,8;  C.I.7): 

1.  An  increase  in  the  content  of  silt  and  clay  from  the  A  horiton  to  the  B  horison,  and 
then  a  decrease  into  the  C  horiton; 

2.  A  decrease  with  depth  having  no  clear  peak  below  the  A  horiton.  Additionally,  fine 
sand  (0.063  0.250  ram)  changes  in  a  manner  similar  to  silt  and  clay  rather  than  that  of  coarse 
sand. 

Pleistocene  Reg  soils  show  similar  evolutionary  trends  with  time.  In  areas  not  affected  by 
adjacent  sandy  terrains  there  are  higher  amounts  of  silt  and  clay  in  the  soil  profile  and  tho 
horiton  of  peal,  content  (D)  is  deeper  by  about  10-25  cm. 

The  rates  of  addition  of  fines  to  the  soil  profile  are  rather  high  at  the  initial  period  of  soil 
evolution  (2000-4000  years)  but  become  lower  with  time  (figures  C.1.8,9).  Examination  of  i 
Holocene  soil  chronosequence  in  Nahal  Ze’elim  (Dead  Sea)  shows  that  during  the  later  stages  of 
soil  evolution  there  may  be  a  very  slow  change  in  texture.  It  takes  many  thousands  of  years  for 
a  Reg  soil  to  show  a  distinct  differentiation  in  texture  between  discrete  soil  horixons.  Climat'; 
certainly  has  a  major  role  in  the  process.  It  appears  that  the  relatively  better  developed  soils  on 
the  Pleistocene  alluvial  surfaces  evolved  under  an  arid  to  moderately  arid  climate.  Many  of 
these  soils  are  now  under  an  extremely  arid  climatic  regime. 

The  age  determination  of  most  Reg  soils  in  the  Negev  and  the  Sinai  is  still  in  question, 
since  datable  material  is  missing.  Only  a  certain  seperation  of  the  Holocene  from  the  Pleisto¬ 
cene  Reg  soils  is  certain  (Gerson  and  Amit,  1981;  Gerson,  1981;  1982;  Amit,  1982;  McFadden, 
1982;  Pull,  in  preparation).  Age  differentiation  based  on  relative  indicators  is  still  in  progress 
(Amit  and  Gerson,  1985). 

The  polygenetic  riature  of  most  Reg  soils  on  pre-Holocene  alluvial  surfaces  still  precludes  a 
sound  time-frame  that  may  be  projected  from  one  region  to  another. 

There  is  a  very  high  variability  in  the  textural  nature  of  Reg  soils.  Several  reasons  for  thi.‘ 
situation  are: 

1.  The  variable  nature  of  parent  material  between  regions  and  alluvial  surfaces. 

2.  The  variation  in  amounts  and  composition  of  incoming  dust,  which  is  related  to  sources, 
atmospheric  conditions  and  climate. 

3.  Large  local  variation  in  parent  material  affecting  hydrologic  characteristics  and  dust 
trap  efficiency. 

4.  Surficial  morphology,  determining  roughness,  settling  of  dust,  and  surficial  runoff, 
makes  the  surface  highly  variable. 

All  these  render  many  Reg  soils  of  different  ages  very  similar  in  texture,  or  conversely 
soils  of  the  same  age,  on  the  same  alluvial  surface,  highly  variable  (fig.  C.1.8). 


CIS 


SILT  &  CLAY,  PERCENT  OF  FINE  SOIL  .  BY  WIEGHT 


o  Chann«l 


Figure  C.1.8.  Change  of  silt  +  clay  content  in  the  fine  earth  fraction  in  Reg  soils,  on  the  Holocene 
terrace  sequence  of  Nalial  Ze’elim  (Dead  Sea  area)  in  the  A,  B  and  C  horizons.  No.  1 
-  early  Holocene  terrace;  no.  15  -  present-day  channel. 


In  addition  there  ia  no  good  correlation  between  the  contents  of  silt  and  clay  in  Reg  soils. 
Several  reasons  may  account  for  this  situation: 

1.  Differential  ratios  in  the  parent  material. 

2.  Varying  proportions  in  the  added  atmospheric  dust. 

3.  Differential  movement  of  various  fractions,  a  function  of  the  hydrologic  conditions 
within  the  soil,  and  changing  environmental  regimes'with  time  and  climatic  fluctuations  (see 
chapter  E.l). 

A  general  conclusion,  then,  is  that  only  under  a  very  narrow  set  of  unchanging  environ¬ 
mental  conditions  or  under  the  influence  of  one  dominant  factor  may  the  textural  composition 
of  the  non-gravelly  fractions  be  predicted.  For  example,  in  areas  where  sand  contribution  to 
both  the  alluvial  parent  material  and  the  atmospheric  dust  is  relatively  high,  we  can  predict 
the  resulting  soils  to  be  of  a  sand-loam  texture.  In  most  other  terrains  the^ soils  are  highly 
variable  in  texture. 

Hammada  Soils 

Hammada  soils  are  usually  silt-loam  (sometimes  loam)  gravelly  soils,  of  the  ABR,  ACR 
or  ABCR  type,  formed  on  flat  or  gently  sloping  hard  bedrock  surfaces  (figures  C.l.lB,  C.1.2q). 
Occasionally  they  consist  of  soil  pockets  underlain  and  enclosed  by  bedrock  blocks.  When  well 
developed  thes.  soils  may  have  a  gravel-free  B  horiton  underlying  a  gravelly  desert  pavement 
and  a  vesicular  A  horison  (plate  llA). 

On  the  average  there  is  a  certain  textural  differentiation  between  the  various  horisons: 
The  A  horison  is  silt-loam:  Silt  (57%)  >  sand  (30%)  >  clay  13%.  The  B  horison  is  usually 
loam  or  silt-loam:  silt  (50%)  >  sand  (31%)  >  clay  (19%).  The  C  horison  is  sandy-loam:  sand 
(53%)  >  silt  (32%)  >  clay  (15%). 

The  ratio  between  coarse  silt  and  fine  silt  -f  clay  decreases  with  depth.  It  is  1:1  in  the  A 
horison,  as  in  average  settling  atmospheric  dust,  1:1.7  in  the  B  horison,  and  1:2.3  in  the  C  hor¬ 
ison.  Some  migration  downward  of  the  fines  fractions  is  evident. 

Within  a  generally  wide  textural  spectrum  of  Hammada  soils  it  is  possible  to  distinguish 
two  groups: 

1.  Silt-loam  or  loam  Hammada  soils,  occurring  in  areas  where  eolian  dust  is  derived  from 
distant  sources  (as  in  the  soils  of  the  central  Negev  plateaus). 

2.  Sandy-loam  Hammada  soils,  which  are  affected  by  adjacent  source  areas  of  sand  (such  as 
the  sandstones  exposed  in  Makhtesh  Ramon  or  in  the  Arava  Valley). 

Lithosola 

Lithosols,  are  shallow  stony  soils,  of  AC, ACR  or  CR  horizons,  which  usually  overlie  soft 
bedrock,  and  reflect  a  mixture  of  weathered  bedrock  and  introduced  dust  and  salts.  Thus,  litho¬ 
sols  are  very  diversified  in  texture.  In  the  Sde  Boker  (northern  Negev)  area,  where  limestone 
and  chalk  are  the  major  bedrock  types,  one  finds  a  variety  of  Lithosols  (Arii,  1981;  fig.  C.1.10). 

These  include: 

1.  Lithosols  which  contain  large  amounts  of  eolian  dust,  developed  mostly  on  hard  lime¬ 
stone; 
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Figure  C.1.9.  Change  of  tevcral  soil  profile  properties  with  time  on  a  se<)uence  of  IS  Holocene  allu* 
vial  surfaces  of  Nal^al  ZVelim  (Dead  Sea  area).  Terrace  no.  1  -  early  Holocne;  no.  IS 
-  present-day  channeL 
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Figure  C.1.10.  Distribution  of  sise  fractions  with  depth,  in  two  lithosol  profiles  on  a  hillslope  in  Sde 
Boker  (data  from  Arsi,  1981). 
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2.  Lithoaole  with  large  quantities  of  weathered  chalk,  in  which  much  of  the  non-graTelly 
fractions  are  derived  from  the  underlying  friable  rocks. 

In  the  northern  Negev  and  the  Judean  Desert  the  average  texture  of  the  non-gravelly  soil 
material  is  usually  loam  (A  horiion)  and  clay>clay-loam  (B  and  C  horisons.  Arsi  1981;  Dan 
and  Smith  1981).  The  average  composition  is: 

A  horiton:  Sand  (42%)  >  silt  (38%)  >  clay  (20%) 

B  horiion:  Clay  (43%)  >  sand  (32%)  >  silt  (25%) 

C  horiion:  Clay  (40%)  >  sand  (30%)  =  silt  (30%) 

The  ratio  between  the  coarser  fractions  (sand  and  coarse  silt)  and  the  fine  fractions  (fine 
silt  and  clay)  is  different  from  the  ratios  for  most  aforementioned  soils:  A  horiion  —  2.3:1;  B 
and  C  horizons  —  -1:1.  This  is  a  result  of  the  high  combined  amounts  of  clay  from  both  the 
chalky  bed.'ock  and  the  eolian  dust.  Additionally,  water  contributed  from  rocky  exposures  to 
soil  patches  enhances  the  weathering  process.  However,  the  high  precentage  of  sand  in  the  A 
horiion  and  the  relative  contribution  of  clay  and  silt  by  the  weathered  bedrock  have  yet  to  be 
studied. 

Seorsetn  Soils 

Seroiem  s(>ils  are  light  coloured  aridic  soils  of  the  ABC  or  ABB),  type  having  a  calcic 
and/or  gypsic  horiion  at  shallow  depth.  Hence,  they  are  very  diversified  in  their  texture.  Most 
of  them  are  loessial  and/or  stony  in  nature. 

The  serosem  soils  of  the  Negev  are  usually  fine  grained  in  their  non-gravelly  fraction 
wherever  located  away  from  sand  contributing  terrains.  Silt  and  clay  constitute  85-80%  and 
most  of  the  remainder  is  fine  sand.  The  lower  horisons  usually  contain  more  clay  (<40%)  but 
conversely  may  also  contain  more  sand  than  the  upper  horiions.  A  mixture  of  materials  from 
various  sources  is  apparent,  with  sand  from  weathered  parent  rock  or  colluvium  and  fines  from 
eolian  dust. 

Sandst  Eolian  And  Derived  Colluvial  And  Alluvial  Sands 

In  terrains  of  active  eolian  sand  transport,  such  as  sand  dunes,  the  amounts  of  trapped  sih 
and  clay  are  very  small.  For  example,  there  is  less  than  0.1  %  to  0.7%  in  the  coastal  dunes  ii 
northeastern  Sinai  and  0.7-2.6%  in  the  inland  sand  dunes  further  south  (Tsoar,  1970).  Similai 
contents  (0.6-1.2%)  were  observed  in  the  inland  sand  dunes  of  the  western  Negev  (fig.  C.1.2r). 

A  different  particle  site  distribution  is  observed  in  stabilised  sand  dunes  (fig.  C.1.11). 
Stabilised  sand  dunes  in  the  western  Negev  contain  5-10%  silt  and  clay  down  to  a  depth  of  40 
cm  (Tsoar,  personal  communication).  The  highest  content  (10%)  is  observed  at  the  surface.  In 
one  instance  it  was  observed  that  the  sand  in  climbing  dunes  on  steep  hillslopes  contains  7%  of 
fines.  Restricted  sand  and  dust  movement  in  these  landforms  (climbing  dunes)  may  be  a  cause 
for  such  a  content. 

In  stream  channels  and  flood  plains  which  cross  sand  dune  fields,  one  usually  finds  two  types 
of  non-gravelly  deposits  (fig.  C.1.12): 

1.  Sand  with  some  silt  and  clay  (10-25%),  which  is  typical  of  sedimentation  in  the  channel 
during  floods  (fig.  C.1.2s). 

2.  Silt  (and  clay)  with  some  sand  (10-20%)  deposited  overbank  during  high  flows,  and  in  the 
channel  during  very  shallow  flows. 
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Figure  C.l.lL  Silt  and  clay  content  with  depth,  in  stabil 
iced  dunes  in  the  western  Negev  (from  H 
Tsoar,  unpublished). 
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Figure  C.1.12.  Silt  and  clay  content  in  a  flood  plain  of  a 
stream  channel  crossing  a  sand  field  near 
Yotvata,  southern  Arava  Valley.  The 
remaining  material  is  sand  (see  a  photo¬ 
graph  in  Plate  12B). 
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In  soila  deyeloped  on  alluvinl  aanda  in  the  northwestern  Neger  we  find  nn  nvernge  of  20% 
fines  in  A  and  B  horisons,  and  only  595  silt  and  clay  in  the  C  horison;  (fig.  C.1.13;  Marish  et 
al.,  1978).  This  may  be  attributed  to  the  fact  that  the  C  horison  is  actually  a  stabilised  sand 
surface. 

Gravelly  Regoaols  On  Sieve  Deposits 

Sieve  deposits,  having  large  pores  and  being  highly  pervious,  serve  as  very  efficient  traps  for 
dust  from  various  sources: 

1.  Eoiian  dust  settling  from  the  atmosphere; 

2.  Dust  penetrating  with  infiltrating  rainfall; 

3.  Dust  washed-in  with  running  water. 

In  the  southern  Arava  Valley  and  eastern  Sinai  we  usually  find  the  following  textural 
compositions:  Sand  (80-80%)  silt  (20-30%)  ^  clay  (3-7%). 

The  large  pores  in  sieve  deposits  allow  a  free  penetration  of  available  sand.  In  some  areas, 
we  find  a  finer  non-graveily  matrix,  for  example  the  textural  range  in  Mount  Amram  (south¬ 
ern  Negev)  is  :  sand  (48-55%)  >  silt  (37-42%)  ">  clay  (5-12%).  It  may  well  be  that  the  type  of 
gravelly  trap  is  the  reason  for  this  finer  texture.  In  the  Mount  Amram  area  the  sieve  deposits 
are  composed  of  fine  to  very  fine  and  well  sorted  gravel. 

There  is  usually  a  general  decrease  in  the  content  of  fines  with  depth.  The  upper  part  of 
the  section,  near  the  surface,  contains  50-60%  silt  and  clay  whereas  most  of  the  section  usual¬ 
ly  contains  30-40%.  The  composition  of  fines  is  similar  to  that  of  average  atmospheric  dust; 
the  ratio  of  coarse  silt  to  fine  silt  -t-  clay  is  -1:1  throughout  the  section.  Differentiation  in  the 
fine  fractions  along  the  section  does  not  occur  due  to  the  high  porosity  of  the  gravel. 

PaleoBols 

Paleotols  are  soils  which  have  formed  in  landscapes  of  the  past  (Yaalon,  1971).  Most  of  the 
naleosols  encountered  in  deserts  are  identified  by  their  buried  B  and/or  C  horisons.  They  are 
characterised  by  their  color,  texture  and  added  salts,  and  compared  to  overlying  or  underlying 
horisons.  More  difficult  is  the  identification  and  definition  of  relict  paleosols,  which  are  at  the 
surface  thoughout  their  evolution.  Such  is  the  case  of  polygenetic  Quaternary  Reg  soils,  begin¬ 
ning  their  evolution  sometime  in  the  Pleistocene,  developing  through  varying  climate  regimes, 
and  undergoing  slow  transformation  during  the  extremely  dry  Holocene  period. 

In  the  loessial  soils  of  the  western  Negev  there  is  a  tendency  for  B,,  (=  buried  B)  horisons 
to  contain  10-15%  more  fines  than  the  overlying  B  or  C  horisons,  and  15-20%  more  fines  than 
the  active  A  horisons  (fig.  C.1.14,15). 

Summary  And  Conclusfons 

The  non-gravellv  materials  in  desert  soils  are  derived  from  three  sources:  weathered  parent 
material,  airborne  dust  and  airborne  salts.  The  composition  of  the  fine  earth  fractions  and 
their  particle  sise  distribution  in  the  soil  is  a  result  of  the  behavior  of  the  various  forming 
agents  —  weathering,  wash  and  infiltration.  The  relative  importance  of  these  agents  changes 
with  time,  since  the  nature  of  the  soil  is  also  time-dependent. 
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The  prediction  of  the  generftl  eompoiition  mnd  diitribution  of  the  fine  earth  materials  re¬ 
quires  consideration  of  the  relative  importance  of  mainly  five  general  factors;  parent  material 
and  its  properties;  sources;  mode  and  accumulation  rate  of  allochtonous  materials  (sand,  dust, 
salts);  climate,  as  it  afifects  the  hydrologic  regime  at  and  close  to  the  surface;  time,  within 
which  climate  may  fluctuate  and  soil  properties  change.  Examples  of  the  significance  of  the 
various  factors  are;  (a)  sandy  loessial  soils  in  the  northwestern  Negev  which  are  proximal  to 
sand  fields;  (b)  sandy  Solonchaclc  soils  in  playas  and  sabkhas  which  collect  runoff  water  and 
sediment  from  watersheds  in  which  sandstone  exposures  are  abundant;  (c)  dust-rich  gravelly 
soils  in  areas  with  no  near  by  sand  sources;  (d)  a  significant  increase  of  soil  salinity  with  soil 
age;  (e)  significantly  thicker  soil  profiles  on  old  landforms  which  have  existed  under  relatively 
humid  climatic  regimes  (moderately  arid,  semi-arid);  (f)  the  types  of  salts  which  appear  in  the 
non-gravelly  fractions  change  with  climate;  for  example,  CaCOj  occurs  in  the  less  arid  ter¬ 
rains  and  gypsum-chlorides  in  the  desert  soils  (see  chapter  C.3).  Generally,  the  predominance 
of  long  distance  airborne  dust  results  in  the  fine  earth  being  silt-loam,  silt  and  clay  loam  in 
texture. 

Several  generalisations  can  be  presented  with  respect  to  the  amounts  and  nature  of  dust  in 
different  aridic  soils  (figures  C.1.1,  C.1.16,  C.1.17): 

1.  Loessial  soils  and  Takyr  soils  are  composed  mostly  of  dust-sised  fractions.  Their  com¬ 
position  is  close  to  that  of  settling  atmospheric  dust  (see  Part  B). 

2.  Hammada  soils  and  Holocene  Reg  soils  ate  similar  to  settling  atmospheric  dust  in  the 
composition  of  the  non-gravelly  component  of  their  and  B  horiions.  This  is  so  in  terrains 
where  the  parent  material  and  location  are  not  associated  with  sand  contributing  sources. 

3.  Generally,  Reg  soils  are  most  variable  in  the  texture  of  their  non-gravelly  fractions. 
This  ia  due  to  the  great  diversity  of  parent  material  and  the  widespread  spatial  distribution 
with  respect  to  different  sources  of  airborne  materials. 

4.  Generally,  deposits  with  the  lowest  content  of  dust  are  charachteriitic  of  alluvium  in 
flood  plains  of  streams  draining  watersheds  in  which  hard  (non-friable)  rocks  are  exposed. 
These  are  typically  composed  of  gravel,  sand  and  very  little  dust.  Young  sandy  Regosols  and 
sandy  /  gravelly  Solonchaks  are  usually  also  poor  in  dust  content. 

5.  Gravelly  Regosols  on  sieve  deposits  and  many  Hammada  soils  contain  medium  amounts 
(50-00%)  of  dust  in  their  fine  earth  fraction. 

Examination  of  the  clay/aalt  ratios  in  the  various  soils  yield  the  following  groups  (fig. 
C.M8): 

1.  Low  ratios  of  0-0.4  occur  in  the  non-gravelly  fraction  of  coarse  desert  alluvium,  Reg 
soils  on  Holocene  alluvial  surfaces,  and  many  ^ammada  soils.  The  ratios  are  within  the  range 
charachterislic  of  settling  atmospheric  dust  (see  part  B)  which  is  high  in  silt  and  low  in  clay. 
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frequency  of  occurence. 


«*rf 


Figure  C.1.17.  Eitlinated  qutniitiea  of  fine  earth  (<Z  lum 
in  eiie),  percent,  in  yarioue  deiert  loiU, 
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2.  Medium  ratios  0.4-0.6  are  charachteristic  of  locssial  and  mature  Reg  ard  Hammada 
soils,  in  which  some  clay  accumulation  is  evident. 

3.  High  ratios  —  0.6  and  usually  <  1.0  —  are  typical  of  some  Takyr  and  Solonchak  soils 
in  areas  where  relatively  high  amounts  of  suspended  clays  arc  deposited. 

Generally  the  correlation  between  the  content  of  silt  and  the  content  of  clay  in  the  fine 
eartli  fraction  is  rather  low  for  most  desert  soils,  due  to  the  following  reasons: 

1.  The  site  distribution  of  settling  atmospheric  dust  is  heterogeneous  through  time  and 
space  (Ganor,  1975). 

2.  There  is  a  filtering  process  as  dust  is  added  to  the  soil  prohlc.  Various  dust  fractions 
move  through  the  soil  at  different  rates  and  to  different  depths.  Clay  films  observed  in  loessinl 
soils  and  well  developed  Reg  soils  are  indicators  of  clay  translocation.  Thus,  clay /silt  ratios  of 
the  original  added  dust  change  due  to  these  processes. 

Figures  C.l. 18,19  may  demonstrate  the  above  effects.  Holocene  Reg  soils  containing  dust 
that  has  settled  recently  and  inflitrated  through  a  rather  open  gravelly  texture,  reflect  the  vari- 
abilty  in  clay /silt  ratios  typical  of  settling  atmospheric  dust.  The  lesser  degree  of  correlation 
between  clay  and  silt  in  older  Reg  soils  reflects  the  effects  of  both  fluctuating  climate  through 
time  and  filtering  through  a  developing  soil. 

Some  very  broad  trends  appear  in  the  behavior  of  the  various  sise  fraction  in  desert  soils, 
as  shown  in  figure  C.1.20: 

1.  There  is  a  general  decrease  in  the  content  of  a  given  fraction  as  the  particle  sise  of  its 
material  becomes  smaller,  from  coarse  silt  to  fine  clay.  This  trend  is  clear  in  A  and  C  horirons. 
It  is  leas  so  in  B  horiions,  when  comparing  fine  silt  with  coarse  clay.  It  may  well  be  that  these 
trends  exist  because  A  and  C  horisons  in  desert  soils  are  similar  to  the  source  of  the  dust  ma¬ 
terial,  whereas  H  horisons  have  undergone  more  alteration  than  A  and  C  horiions. 

2.  The  trends,  by  p.srticle  sites,  are: 

(a)  Coarse  silt  —  a  relatively  large  component  (up  to  55%);  there  is  a  decrease  in  silt  con¬ 
tent  from  the  A  horiton  to  B  horiton  to  C  horison. 

(b)  Fine  silt  —  a  lower  content  than  coarse  silt  (<40%,  but  usually  less  than  30%);  there 
is  a  decrease  from  the  upper  (A)  to  the  lower  (C)  horizons. 

(c)  Coarse  clay  —  low  amounts  (<15%  but  usually  less  than  10%);  there  is  a  low  rate  of 
decrease  from  the  A  to  D  to  C  horizons. 

(d)  Fine  clay  —  relatively  large  amounts  may  occur  in  the  A  and  13  horizons  (<  50%,  but 
most  soils  contain  less  than  15%);  The  C  horizon  usually  contains  less  than  10%  fine  clay,  but 
some  soils  may  contain  up  to  30%. 

(e)  %  coarse  silt  >%  fine  silt  <>%  fine  clay  >  %  coarse  clay. 
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Figure  C.1.18.  The  correUtion  betweeo  cUy  content  at'.d  silt  content  in  the  B  horiion  of  Holocene 
Reg  soils. 


Figure  C.1.19.  The  correUtion  between  clsy  and  siK  content  in  Reg  soile  on  Pleistocene  alluvial 
surfaces. 


C30 


Figure  C.1.20.  The  frequency  of  occurence  of  the  various  size  fractions  in  aridic  soils  -  general 
trends  (based  on  200  soil  profiles). 
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C.a  MINERAL  COMPOSITION  Of  DUST  IN  DESERT  SOILS 


Th  a  roineralogicfti  compocition  of  toil*  and  aurficial  depoaita  may  atrongly  reflect  the  en- 
vironn  ental  conditiona  and  the  evolution  of  the  landacape  at  a  given  aite.  Environmental 
changes  through  time  may  be  traced  by  the  relative  abundance  of  different  mineral  species  and 
their  degree  of  preservation. 

The  mineral  composition  of  the  dust  particles  in  desert  soils  is  determined  by  three  main 
factora; 

1.  The  composition  of  the  introduced  airborne  dust.  This  factor  is  decisive  in  most  arid 
terrains  since  much  of  the  fine  fractions  ate  derived  from  settling  atmospheric  dust. 

2.  Parent  material  at  the  site  in  question;  the  bedrock  or  the  original  surficial  deposit  is 
also  reflected  in  the  mineralogical  composition  of  many  desert  soils. 

3.  The  climatic  regime  —  past  and  present  —  is  certainly  a  significant  factor.  It  may 
affect,  or  even  determine,  dust  mineral  composition  through  modes  and  rates  of  alteration  of 
primary  and  secondary  rocks,  as  well  as  modes  and  rates  of  long  distance  transport  and  depo¬ 
sition. 

The  mineral  composition  of  dust  fractions  in  the  desert  soils  and  deposits  of  the  Negev  and 
Sinai  is  generally  the  following: 

1.  The  «ilt  fraction  is  composed  mainly  of  quarts  (40-60%),  calcite  (25-40%),  some 
feldspars  (3-10%)  and  dolomite  (0.5-6%).  The  ratios  between  major  constituents  —  quarts 
and  calcite  —  change  considerably  with  different  soil  profiles  and  horisops,  with  no  decisive 
trends.  Only  in  calcic  horisons  in  loessial  soils  dors  the  ratio  shift  toward  somewhat  higher 
amounts  of  calcite  [Bruins,  1976). 

2.  In  fine  silt  (0.016-0.002mm)  there  is  a  much  lower  quarts  content  than  in  coarse  silt 
(0.063  0.016mm;  Goldberg,  1964,  personal  communication). 

3.  The  clay  fraction  in  most  desert  soils  in  the  Negev  contains  primatilly  montmorillon- 
i’.e  and  substa.''tial  amounts  of  kaolinite.  Illite  is  a  minor  constituent  and  palygorskite  ap¬ 
pears  in  some  samples.  This  is  true  in  the  cases  of  the  loessial  soils  in  the  northern  Negev 
(Bruins,  1976)  and  most  of  the  Reg  soils  in  the  Negev  and  in  the  Dead  sea  area  (table  C.2.2). 
This  typical  composition  is  determined  by  the  weathering  products  of  the  widely  exposed 
upper  Cretaceous  Paleocane  and  Eocene  rocks  in  the  Negev  (Nathan,  1966)  as  well  as  in  the 
Sinai  and  North  Africa. 

The  contribution  of  certain  rock  types  or  formations  is  evident  in  many  Negev  soils: 

1.  The  high  amounts  of  calcite  are  derived  from  the  formations  of  limestone  and  chalks 
widely  exposed  in  the  desert  terrains  of  North  Africa,  the  Sinai,  the  Negev  and  the  northern 
Arabian  desert  (for  example  table  C.2.1). 

2.  Various  silicate  minerals  such  as  quarts,  feldspars,  plagioclases,  heavy  minerals,  are 
abundant  in  the  sand  and  silt  fractions  of  soils  deposited  in  close  proximity  to  exposures  of 
igneous  and  metamorphic  rocks.  These  minerals  are  especially  prominent  in  terrains  down¬ 
stream  and  downwind  from  such  exposures.  However,  since  much  of  the  dust  in  most  desert 
soils  is  derived  from  distant  aources,  one  may  always  find  calcite,  dolomite,  and  clays  derived 
from  terrains  in  which  marine  sedimentary  rocks  are  widely  exposed. 
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3.  Larc*  amoanU  of  kaollnlu  an  ralaaaaJ  bf  the  diilntecration  of  Faleoioic  and  early 
Meaoioie  (Nubian)  eandetone  formationi,  in  which  kaolinite  clay  ii  found  ai  a  binding  agent. 
The  finer  fractione  of  the  duet  in  the  derired  tolli  (whether  formed  from  the  original  detritui 
or  dereloped  tbroagh  the  accretion  of  airborne  duet)  are  rich  in  kaolinite  (Singer  &  Amiel, 
1974). 

4.  Palygoreklte  la  derived  from  certain  ehalea  and  chalka  of  uppermoet  Cretaceoui  -  lower 
Tertiary  rock  formation*  (Nathan,  IfitUt;  table  C.2.1).  ThU  mineral  it  found  in  eubetantial 
quantitie*  in  toil*  derived  directly  from  the  above  mentioned  formationi.  However,  eince 
palygorakite  it  not  a  etable  mineral  in  the  deeert  eoil  environment,  it  it  not  found  in  eignificant 
quantitie*  in  the  clay  fraction*  of  old  dctert  eoil*  (*ee  table  C.2.2). 

6.  Pait  climatic  regime*  are  reflected  in  the  mineralogy  of  certain  paleotol*.  One  example 
i*  the  occurrence  of  pocket*  of  PlioceD*(T)  -  early  Plei*tocene(T)  Terra  Rotea  in  the  Negev 
Highland*.  Thii  area  i*  now  under  an  arid  climate  (90-120mm/year  of  mean  precipitation). 
Large  quantitie*  of  kaolinite  (eometlme*  well  eryelaUited)  are  typical  of  theee  aoili,  developed 
under  a  enbhumid  (hnmidf)  or  a  Mediterranean  climate  on  limeetone  formation*.  Another  ex¬ 
ample  i*  the  large  component  of  kaolinite  in  red  and  calcic  paleoiole  prceerved  in  extremely 
arid  environment*  in  the  weatern  Negev  (lee  table  C.2.2).  Semi-arid  to  aubhumid  climate*  are 
probably  the  regime*  under  which  theee  toil*  have  initially  developed. 

In  anmmary,  the  moat  abundant  minerala  in  the  duat  of  deeert  terrain*  in  the  Negev  and 
Sinai  are:  quart*,  calcite,  feldapara,  dolomite  and  montmorillonite.  Other  mineral*  appear  in 
rather  low  quantitie*,  except  in  apecial  caien  related  to  particular  aoarce  rock*  or  pait  climatic 
regime*. 


Table  C.2.1:  The  percentage  of  the  different  clay  conitituent*  in  the  clay 
fraction  in  the  rock  formation*  of  late  Crctaceou*  -  middle  Eocene  in  the  central 
Negev  (from  Nathan,  1906). 
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T»ble  C.2.*i  Mineral  Compoeitlon  of  Claya  In  eome  Desert  Soils 


Soil  Type  &  Lfinriform 

Region)  Location 

Soil  Ilorlion 

Depth,  cm 

Kaollnlte 

Montrnorillonite 

Illite 

Soil,  Holocene; 
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n.d. 

Alluvial  Surface 

Mukeibila 
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C.t  SALTS  —  COMPOSITION  AND  DISTRIBUTION 


Introduction 

Sftiti  in  most  desert  terrains  are  intrnsire  materials.  Thej  are  derieed  from  airborne 
sources  (Ericksson,  1058;  Yaalon,  1003;  Yaalon  and  Ganor,  1008;  Yaalon  and  Lomas,  1070}. 
Chlorides  and  gjpsum  are  frequently  encountered  in  aridic  soils  in  the  Middle  East 
'whereas  CaCOj  is  typical  to  desert  soils  in  some  other  areas  (e.g.  in  the  southwestern  Unit* 
ed  States).  In  some  cases  dissolred  carbonates  from  parent  materials  are  later  precipitated 
within  the  soil  proBle.  This  may  have  occurred  in  loessial  soils  of  the  northwestern  Negev, 

The  introduction  of  salts  into  the  soil  is  accomplished  with  the  penetration  of  rainwa¬ 
ter  carrying  eolutes  and  dust.  The  distribution  of  salts  in  the  developing  soils  is  related  to 
multiple  rainfall  events  having  different  magnitudes  and  frequencies  and  a  highly  variable 
salt  content.  Several  factors  affect  salt  composition  and  distribution  in  the  soil; 

1.  Site  characteristics,  such  as  topographic  slope,  catchment  relations  to  adjacent  sites, 
and  surficial  roughness. 

2.  Parent  material  and  soil  characteristics,  such  as  texture,  structure,  porosity,  and 
permeability. 

3.  The  sources  of  salts:  marine,  continental,  playas,  bedrock  exposures,  and  in-ntu 
parent  material. 

4.  Rainfall  and  dustfall  characteristics;  composition,  amounts,  durations,  intensities, 
intervals  between  salt-introducing  events. 

5.  Rates  of  evolution  of  terrain/soil  properties  and  the  interactions  and  feedbacks 
between  these  properties.  These  rates  are  not  constant  even  under  unchanging  climatic 
conditions.  The  rates  vary  with  different  soil  properties.  (Birkeland,  1974). 

6.  Differential  solubility  and  salt  movement  in  an  evaporating  and  precipitating  en¬ 
vironment. 

Thus,  the  composition  and  distribution  of  salts  in  desert  soils  is  complex,  and  depends 
upon  different  varying  factors.  Many  sites  of  salt  accumulation  have  undergone  climatic 
changes  throughout  the  Quarternary.  Even  young  soils  have  developed  during  different 
climatic  regimes  of  the  Holocene  period  (Horowits,  1979;  Goldberg,  1981;  Gerson,  1982). 

Salts  and  gypsum  are  precipitated  close  to  the  surface,  especially  in  terrains  under  a 
moderately  arid  to  extremely  arid  climate,  where  the  mean  annual  precipitation  is  lower 
than  250  mm.  In  Israel,  on  the  flat  lying  to  gently  sloping  terrains,  280mm/yr  isohyet  ap¬ 
pears  to  be  a  generalised  dividing  line  between  the  saline  desert  soils  and  the  more  calcic 
soils  of  the  semi-arid  environment  (Dan  &  Yaalon,  1982).  Generally,  it  appears  that  the 
degree  of  salinity  increases  with  climatic  aridity.  Under  the  more  arid  climates  the  thick¬ 
ness  of  the  saline  soil  profile  definitely  decreases.  The  most  gypsiferous  and  saline  soils  are 
the  Solonchaks  in  playas,  or  sabkbas  along  the  coast,  and  Reg  soils  of  the  desert  gravelly 
plains  (Dan  et  al.,  1982).  Salts  and  gypsum  accumulate  uninterruptedly  in  soils  on  gently 
sloping  or  fiat  geomorphic  surfaces.  Sloping,  better  drained  or  eroding  terrains,  are  less 
saline.  A  typical  location  for  the  accumulation  of  salts  and  gypsum  is  the  colluvial  man¬ 
tle  at  the  base  of  relatively  well  drained  rocky  hillslopes  (Arti,  1981;  Wieder  et  al.,  1985). 
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The  foIlowioK  deicriptioni  end  dltcuMione  deel  with  lelti  end  gypium  content  end 
diitribatton  in  the  non^grerellf  (eend-eilt'Clejr)  freetione  of  deeert  toili.  It  should  be  born 
in  mind  thet  the  pereentege  of  selts  it  epproximete,  wheteet  the  electticel  conductivity 
(EC)  meeturet  ere  rether  eccorete. 

Loeeelel  Soils  And  Loesalal  Serosems 

The  selinity  of  loestiel  toils  wet  exemined  in  two  environments:  the  northwestern 
Negev,  currently  under  e  moderetely  erid  or  temi-erid  climete  end  the  central  Negev, 
which  is  under  en  erid  climete. 

A.  The  northwestern  Negev  end  the  Jorden  Valley  (figures  C.S.l;  C.3.22A): 

1.  Selinity  of  loestiel  soils  is  low  (<3.S  mmho/cm;  ututelly  0.6-1.0  mmho/cm). 

2.  The  salts  ere  concentrated  in  the  soil  hotitons  usually  deeper  then  80  cm  below  sur¬ 
face. 

3.  Sometimes  the  A  horison  it  somewhat  more  saline  than  the  B  horison. 

B.  The  central  Negev  maintains  a  different  pattern,  which  Is  typical  of  loestiel 
Serosems  (figures  C.3.2,C.S.22A}: 

1.  Higher  salinity(<40mmho/cm). 

2.  Salts  ere  concentrated  in  the  lower  B  and  upper  C  horitont,  usually  between  20  and 
80  cm  below  the  snrfkce. 

3.  There  are  lower  salt  concentrations  in  the  A,  upper  B  and  lower  C  horitons. 

Generally,  the  loestiel  Serosems  ere  about  ten  times  more  saline  than  the  loestiel  soils 
of  the  northwestern  Negev  and  the  peak  in  the  salinity  in  the  former  is  found  at  shallower 
depth  (20-80  cm)  than  thet  in  the  letter  (SO-100  cm). 

Takyr  Soils 

The  salt  and  gypsum  accumulation  it  generally  similar  (figures  C.3.3,  C.3.22G).  They 
both  increase  with  depth  until  an  approximate  constant  amount  is  reached  (2.0-3.5%  of 
salts  and  S-10%.  of  gypsum).  This  was  observed  in  the  clayey  Takyr  soils  of  Qa  En-Naqb 
(.s  closed  basin,  west  of  Elat,  which  is  inundated  occasionally,  once  in  1-3  years). 

Takyr  soils  may  develop  in  basins  which  are  not  completely  closed  but  hare  impeded 
drainage.  Such  a  case  exists  in  the  ShaJiarut  Valley  in  the  southern  Negev,  where  the  soils 
are  lets  saline  and  gypsiferous,  with  0.1-0.2%  salts  and  gypsum  (fig.  C.3.3). 

Generally,  the  Takyr  soils  are  more  leached  than  the  Solonchak  soils  since  there  is  no 
permanent  water  table  close  to  the  surface  and  thus  water  movement  it  not  entirely  res¬ 
tricted.  Rates  of  silt  and  clay  deposition  ate  far  higher  than  that  of  salts  and  gypsum 
precipitation.  At  in  other  aridic  soils  of  the  extreme  desert  (such  as  Reg  Soils)  the  gypsum 
content  is  higher  than  salt  content,  with  ratios  around  3:1. 

Solonchak  Soils 

The  distribution  and  content  of  salts  and  gypsum  in  Solonchak  toils  are  highly  diver¬ 
sified.  However,  several  general  trends  are  worthy  of  emphasis  (figures  C.3.4,  C.3  22D): 

1.  Salts  and  gypsum  increase  with  depth,  as  it  the  cate  with  Sabkha  soils  in  eastern 
Sinai. 
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2.  Thera  it  an  inceraaie  in  talti  and  gjrpium  to  a  peak  content  at  deptht  of  S-20  cm  in 
depth,  and  then  a  decraaae  (■ometlmei  to  be  followed  by  an  incraaie  to  a  second  peak  deeper 
down).  Such  is  the  ease  with  the  plajra  soils  in  the  Arara  Valley  (En  Avrona  in  the  south* 
ern  Arava  valley  and  En  Tamar  in  the  northern  Arava  Valley). 

S.  Salt  content  close  to  the  surface  is  higher  in  inner  playa  sones  than  in  outer  playa 
sones. 

4.  Salt  content  is  usually  higher  with  depth  in  coastal  Sabkhas  than  in  inland  playas. 

5.  Trends  of  gypsum  accumulation  do  not  characterise  the  environment  as  well  as 
those  of  salts. 

6.  Gypsum  content  is  usually  higher  than  that  of  salts;  the  ratio  ranges  between  1:1  to 
4:1.  This  is  lower  than  thct  found  in  Reg  soils,  due  to  impeded  removal  of  the  more  soluble 
salts  from  the  soil  profile  and  precipitation  from  shallow  ground/sea  water. 

Reg  Soils 

Reg  soils  are  gravelly  desert  soils  in  which  the  earious  salts  (chlorides,  sulfates,  car¬ 
bonates]  accumulate  in  the  fine  earth  matrix.  They  do  not  show  appreciable  leaching  ef¬ 
fects,  especially  in  the  early  stages  of  their  development,  when  runoff  and  surface  wash  are 
negligible.  Salts  accumulate  in  these  soils  until  a  stage  of  soil  degradation  and  truncation 
is  reached. 

Reg  soils  in  the  Negev  and  the  Sinai  are  primarily  gypsiferous  and  saline.  Calcic  Reg 
soils  are  not  at  all  abundant.  NaCI  is  predominant  among  the  chtoridic  salts.  Less  abun¬ 
dant  are  CaClj  and  MgCI,  salts. 

Since  it  is  difficult  to  date  non-calcic  Reg  soils,  we  shall  resort  to  rather  general  age 
groups  for  the  Negev  and  the  Sinai.  These  are  assigned  according  to  the  age  of  the  alluvial 
surfaces  on  which  the  soils  have  formed:  Holocene,  Pleistocene,  or  Tertiary.  However, 
since  the  soils  which  developed  on  the  older  surfaces  may  be  quite  old  and  pulygenetic,  one 
should  treat  the  assigned  ages  with  caution. 

Reg  Soils  On  Holocene  Surfaces 

Several  trends  are  evident  from  our  study  (figures  C.3.6-7;  C.3.22C): 

1.  An  increase  of  gypsum  and  salt  content  with  depth. 

2.  In  most  soil  profiles,  there  is  a  decrease  of  gypsum  and  salt  content  from  the  A  to 
the  B  horison  and  then  a  definite  increase  to  a  maximum  in  the  lower  C  horiion. 

3.  In  some  soil  profiles  there  is  an  increase  to  peak  amounts  at  a  depth  of  5-10  cm  and 
then  a  moderate  decrease  with  depth  (fig.  C.3.6). 

4.  Gypsum  content  is  usually  very  low  in  the  A  horison.  Gypsum  usually  increase:^ 
with  depth  at  higher  rates  than  that  of  other  salts. 

5.  Gypsum  content  is  usually  far  higher  than  that  of  salts.  The  ratios  range  between 
3:1  and  10:1  and  become  higher  with  depth. 

8.  The  gypaic/salinc  soil  profile  usualy  reachea  some  40-60  cm  in  depth.  Only  in  high¬ 
ly  pervious  parent  materials  (such  aa  sieve  deposits)  does  salinity  reach  60-80  cm. 


7.  There  is  a  definite  change  in  the  accumulation  rate  of  gypsum  and  salts  with  time 
(figures  C.3.6,7). 
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Figure  CJ.8  The  content  of  salts  and  gypsum  in  the  fine  eanh  fraction  of  some  Holocene  Reg 
soils,  in  the  Dead  Sea  region,  Arava  Valley,  Zin  Valley  and  eastern  Sinai. 
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FifUfc  C.3.8  Variation  of  gypaum  and  ciiloridct  with  depth,  in  a  sequence  of 
Holocene  Reg  soils  (ter'ace  no.  1  -  oldest;  terrace  nc.lS  -  youngest), 
Natial  Ze’elim  (Dead  Sea). 
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Figure  CJ.7  The  evolution  of  some  pr^rtiea  of  Holocene  Reg  soils  with  time 
(terrace  noj  -  oldest;  terrace  no.lS  -  youngest),  Nattal  Zc'elim 
(Dead  Sea). 


Some  eonelualona  are  *•  follow*: 

].  There  ii  no  leeching  of  the  upper  ecil  K^^rison. 

2.  There  is  e  diiersitj  in  the  leeching  end  precipitation  of  the  different  salti.  With 
depth,  gjrpium  accuix.uUte*  at  higher  ratee  than  the  mote  soluble  salts.  Being  of  much 
lower  soIuMlity,  gypsua  will  he  concentrated  at  lower  depths  due  to  two  types  of 
processes:  (a)  reinetorms  of  high  amounts  and  duration  may  dissolve  gypsum  from  the 
upper  horisons  and  precipitate  it  in  the  lower  ones;  (b)  the  combination  o  '  capillary  rise 
and  evaporation  may  carry  th..  more  soluble  salts  into  the  upper  horiio..  '  and  precipitate 
them  there.  This  may  be  especially  true  in  the  upper  horisons  which  are  richer  in  Snes 
(silts  and  clays)  than  the  lower  horisons  (see  chapter  C.l).  In  sieve  deposits,  where  initial 
porosity  and  pore  sise  are  the  yreatest.  there  is  no  differentalion  of  ratios  throughout  the 
proBle  since  water  does  not  luigrate  upward  through  a  fine  grained  matrix. 

3.  There  is  s  decrease  in  che  rates  of  gypsum  and  salt  accumultation  with  time.  This  is 
related  to  a  change  of  the  hydrolojic  regime  as  more  fines  are  added  to  the  soil  profile  (sex 
chapter  C.l) 

4.  There  maybe  some  lost  of  the  more  soluble  salts  due  to  leaching  during  extreme 
rainfall  events,  especialy  in  the  initial  stages  of  soil  development. 

5.  We  have  found  only  one  soil  profile  (in  the  Zin  Valley,  central  Negev)  in  which  the  A 
horison  is  highly  gypsic.  A  possihle  reason  for  this  situation  may  be  toil  profile  trunca¬ 
tion  by  erosion.  Also,  in  environments  where  the  original  parent  material  has  a  high 
clay /silt  content,  tolls  may  shew  the  tame  trend. 

6.  Generally,  we  could  not  clearly  differentiate  between  trends  in  gypsum  and  salt 
composition  and  distribution  in  Reg  soils  having  some  difference  In  their  gravelly  parent 
material.  However,  a  hint  is  obtained  by  the  comparative  study  of  soils  developed  on 
gravel-bars  and  swales  on  alluvial  terraces.  The  former  arc  more  saline  than  the  latter; 
some  of  the  water  from  the  bars  drain  into  the  swales  and  soils  there  are  slightly  less 
saline. 

Reg  Soils  On  Pleistocene  (and  oldf  ')  Surfaces 

These  soils  have  undergone  salinisation  for  long  periods  of  time  and  have  certainly 
been  affected  by  climatic  changes.  They  are  old  and  polygenetic;  many  of  them  are  relict 
palcosols.  The  lack  of  well  established  dates  and  the  polygenesis  of  these  soils  preclude 
correlation  of  the  studied  profiles  by  quantitative  analysis.  Still,  several  generalisations 
may  be  presented  (fig.  C.3.8): 

1.  An  increase  of  gypsum  and  salts  with  dsptb. 

2.  Surficial  horisons  contain  mors  salts  than  gypsum,  but  the  ratio  is  reversed  down- 

profile,  where  there  is  a  ’  gypsum  than  salt  content. 

3.  There  are  three  different  trends  of  change  in  gypsum  and  salt  content  with  depth:  (sj 
an  increase  with  depth;  (b)  an  increase  and  then  a  decrease  with  depth;  (c)  the  B  horiion 
contains  lower  concentrations  of  gypsum  or  salt  than  the  A  and  C  horisons. 

4.  Salt  content  is  usually  less  than  2%,  while  gypsum  ranges  between  10%  and  20%  by 
weight.  The  gypsum;salt  ratios  range  between  2'1  and  10:1.  In  the  older  soils,  the  ratios  arc 
5:1  to  10:1. 

5.  Some  Pleistocene  Reg  soils  reach  levels  of  salinity  which  arc  not  observed  in  any 
Holocene  Reg  soils. 
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Figure  C.3.$  Tbe  content  of  salte  end  gypaum  in  the  fine  earth  fraction  of  Reg 
eoilt  on  Pleistocene  alluvial  surfaces  in  the  Negev  and  eastern 
Sinai.  Curve  no.l  is  typical  to  Reg  soils  on  early  Late  Pleistocene 
and  older  alluvial  surfaces  (see  plate  13E). 
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Figure  C.3.9  The  content  of  salts  and  gypsum  in  a  thick  and  old  gravel-free  profile  of  a  Reg  soil, 
on  a  very  old  alluvial  surface,  above  the  Zin  valley,  northern  Negev. 
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0.1n  R«g  loilt  on  tnlui«i  mnd  In  collsTinl  «lcTt  depotiti  the  gypeutn  content  ia  alight! y 
higher  than  that  of  enlta.  GeBerall)',  eolU  on  tnlui  alopea  (Reg  toili,  aa  well  ai  toila  on 
aiere  depoaita)  are  leaa  aaline  and  gyptUerona  than  aoila  on  gravelly  plaina.  They  are  better 
drained  and  more  leached  by  aorface  waah  and  through-flow. 

Thera  ia  a  trend  of  decreaiing  ealinity  downalope  on  many  taluaea  (table  C.3.1).  Salt 
content  ia  uaually  higher  in  aoila  on  the  npper  acctiona  of  taluaea  then  that  in  the  aoila  on 
the  middle-lower  acctiona.  A  aimilar  trend  waa  obaerved  with  reapect  to  gypaum  content. 
Waah  and  leaching  of  the  lower  portiona  of  the  alopea  by  water  from  upalope  reachea  are  a 
poaaible  reaaon  for  the  aituatiott. 

^ammada  Solla 

In  Uammada  aoila  one  finde  a  high  rate  of  increaae  in  aalta  and  eapecially  gypaum 
with  depth  (flgurea  C.3.12;  C.3.22I)-  The  greateat  amounta  of  aalta  are  uaually  in  the  gravel- 
free  B  horiton,  whereaa  the  gypanm  content  ia  higher  at  the  lower  boriaona  (<2S%  in  lower 
B  and  C  boriaona).  Surficial  horiaona  are  leached,  probably  becanae  of  their  atonineaa  and 
the  alow  rate  of  deaert  pavement  evolution. 

Stony  Seroaem  Sol'n  And  LIthoaoln 

Uaually,  theae  aoila  ahow  an  increaae  in  aalinity  with  depth  (figurea  C.3.13,14; 
C.3.22E,H).  The  highest  aalinity  ia  in  the  lower  C  horiaon,  at  a  depth  of  EO-80  cm.  Such 
Seroaem  aoila  represent  a  moderately  arid  to  arid  environment  and  the  upper  horiaona  are 
leached  of  aalta  (figurea  C.3.M;  C.3.22E).  Only  about  0.1%  of  aalta  and  gypaum  may  appear. 
A  aimilar  trend  ia  obaerved  in  deaert  Lithoaola,  which  are  generally  ahailower  in  depth  (fig¬ 
urea  0.3.13;  C.3.22H). 

Sand  Dune  Soil# 

Sandy  aoile  which  have  developed  under  semi-arid  to  arid  climates  in  the  coastal  plain 
in  southern  Israel  and  northern  Sinai  are  poor  in  salts.  Salts  content  along  the  soil  profile 
ia  rather  conatsnt  to  depths  of  200  cm  and  more;  it  ia  uaually  leas  than  0.03%  (fig.  C.3.15). 
The  relatively  high  permeability  and  the  sufficient  rainfall,  including  occaaion.il 
high-quantity/intensity  rainstorms,  may  account  for  this  pattern. 

Conclusions 

It  is  atill  impossible  to  draw  sound  quantitative  correlations  between  soil  properties 
and  environmental  factors  such  as  average  annual  precipitation,  hillslope  gradient,  dis¬ 
tance  from  hillcrest  or  aaimuth  of  exposure.  Most  of  the  soils  encountered  in  deserts  .arc 
polygenetic  in  nature  and  many  of  them  are  still  in  the  process  of  formation  Yet  several 
general  conclusions  may  be  presented: 

1.  There  la  a  general  increase  of  soil  salinity  with  decreasing  mean  annual  precipita¬ 
tion  or  eETective  moisture.  This  is  a  most  generaliied  conclusion,  which  conforms  with 
higher  degree  of  leaching  in  the  leas  arid  environments  and  a  greater  contribution  of  eoli- 
an  salts  in  the  more  arid  terrains.  In  order  to  test  the  validity  of  the  change  of  salinity 
with  the  gradient  of  precipitation  actounts,  one  thould  use  similar  terrains.  However,  cer¬ 
tain  types  of  soils  such  as  loeaaial  aoila  —  dominant  in  the  semi-arid  northwestern  Negev 
—  do  not  exist  in  the  more  arid  parts  of  tha  Negev,  whereaa  Reg  soils  or  Solonchak  aoila  do 
not  ahow  in  the  northwestern  Nagev.  Some  terrains  are  exclusive  to  certain  environments 
or  region!.  In  the  loesaial  terrains  there  ia  an  increaae  of  salinity  with  climatic  aridity, 
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Figure  C.3.12  The  content  of  salts  and  gypsum  in  the  fine  earth  fraction  in  some  Hammada  soils 
in  the  northeastern  and  central  Negev. 
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Figure  CJ.I3  The  content  of  salts  and  gypsum  in  Lithosols  in  the  northern  and  central  Negev. 
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Figure  C.3.14  The  content  of  salts  and  gypsum  in  a  Scrozem  soil  in  the  Judean  Desert. 
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Figure  C.3.15  The  ronlcnt  of  sails  in  dun*  soils  in  the  northwestern  Negev. 


primkriljr  throuifk  the  decieetiag  effecti  of  leeching  end  e  higher  trep  efficiency.  The  end 
membere  ere  the  non-eeline  loeeeiel  eoile  of  the  northweitern  Negev  end  the  loeieial 
eeroieme  further  eoutheect,  in  the  ecntrel  Negev.  Yet,  in  the  Reg  eoile  we  heve  not  treced  e 
deer  trend.  Holocene  ee  well  ee  Pleistocene  Reg  toils  in  the  extremely  erid  louthern  Negev 
ere  not  definitely  more  eeline  or  gypeiferoue  then  Reg  toils  of  compereble  eges  in  the 
tomewhet  less  erid  ccntrel  end  northern  Negev.  This  mey  be  due  to  the  feet  thet  in  e  non- 
leeching  environment  high  lelinity  veluee  ere  due  to  tomewhet  greeter  emounte  of  salt 
carrying  reinfell. 

2.  The  distribution  of  setinity  veluee  through  the  toil  profile  it  not  uniform.  There  it 
e  decreete  in  depth  of  the  horiion  of  peak  salinity  in  the  soil  profile  with  increasing  aridi¬ 
ty,  or  decreasing  mean  annuel  rainfall.  This  trend  it  most  clearly  observed  in  toils  on  fiat 
surfaces  or  gently  sloping  terrains.  Peak  salinity  it  found  there  at  depth  of  more  than  80 
cm  in  loestial  soils  in  the  northwestern  Negev,  and  lest  than  SO  cm  in  Reg  toils  under  ex¬ 
tremely  arid  climates.  A  complication  of  this  general  trend  arises  in  polygenetica  soils 
formed  under  changing  climatic  regimes.  In  these  one  may  find  more  than  one  gypsic 
and/or  salic  horisoni  at  various  depths. 

3.  Local  conditions  highly  affect  the  amounts  and  distribution  of  the  salts  in  the  soils. 
Several  environmental  settings  where  local  conditions  are  dictating  characteristic  salini  ty 
distributions  may  be  noted; 

(a)  Highly  pervious  parent  materials,  such  as  gravelly  sieve  deposits  and  sand,  into 
which  calti  penetrate  to  great  depths  [of  more  than  100  cm)  and  are  in  most  cases  evenly 
distributed.  Only  after  such  parent  materials  are  densely  impregnated  by  dust,  the  general 
existance  of  horirons  of  high  peak  salinity  is  clearly  marked. 

(b)  On  hillslopes  one  finds  a  clear  control  of  drainage:  colluvial  mantle  at  the  base  of 
rocky  outcrops  may  be  leached,  or  salts  are  found  at  great  depths,  due  to  high  runoff  input 
from  the  rocky  surfaces.  Further  downslope  on  a  loessial  colluvial  cover  one  often  finds 
very  saline  soils  due  to  lack  of  effective  leaching  or  wash  (Danin,  1970;  Arii,  1981;  Wieder 
ct  al.,  1985).  On  gravelly  talus  slopes,  where  draingr  and  wash  integrate  downslope,  there  is 
higher  salinity  in  the  Reg  soils  on  upslope  (backslope)  reaches  than  on  downslope 
(footslope)  ones. 

The  effects  of  local  and  regional  sources  of  salts  may  be  decisive.  The  highly  gypsi¬ 
ferous  nature  of  the  soils  in  the  Arava  Valley  and  Makhtesh  Ramon  (central  Negev)  is 
augmented  by  gypsum  derived  from  gypsiferous  rock  formations  exposed  upwind.  Some  of 
the  saline  playa  deposits  in  the  Arava  Valley  are  carried  southward  by  the  prevailing 
winds  onto  the  extremely  arid  terrains  bordering  the  Culf  of  Elat. 

5.  The  rate  of  increase  in  salts  and  gypsum  in  some  soil;  decreases  with  time.  Reg 
soils  show  a  very  slow  change  iu  salinity  after  some  1000-  3000  years.  Some  soils  may  be¬ 
come  relict  after  tens  of  thousands  of  years,  as  may  be  the  ease  of  Reg  and  Hammada  soils. 
Thus,  soils  on  early  Holocene  and  Pleistocene  alluvial  surfaces  may  show  similar  ranges 
of  salinity. 

6.  Most  desert  soils  in  Israel  and  Sinai  tend  to  have  a  high  gypsum  to  salts  ratio  (usu¬ 
ally  ranging  between  2;1  and  i0:]).Thit  fact  deserves  a  close  attention.  The  ratio  appears  tr. 
increase  with  the  age  of  the  soil.  Old  (Pleistocene)  soils  usually  have  a  higher 
gypsum/salts  ratio  than  Holocene  soils.  Several  processes  contribute  to  this  trend:  (a)  The 
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Kigure  C.3.17  The  correlation  between  the  content  oT  dual  (lilt  and  clay)  and  aalintly- 
expreaaed  as  electrical  conductivity  (EX7).  A.  Loesaial  soils  in  the  northern 
and  northwestern  Negev.  D.  Pleistocene  Reg  soils  in  the  Negev  and  Sinai. 


C53 


EC.  irnnho/cm  EC.  metho/em 


241 


1#^ 


12 


r  =  0.565 
n  -  113 


- T~  ~  I  I 

3.0  4.0 

aVPSUM.  parcant 


SO 


~l  "T - 1 

0.0  TO 


i^iure  CJ.IO 


Th«  eorralatioo  between  sjrpiuin  content  end  wlintly,  expMticd  m  electrical 
condiirtivitjr  (EC),  in  Holocene  Reg  toils,  Nahel  Ze'elim  (Dead  Sea), 


1*1 


e 


Mg’*.  maq/IOOgr  aoll 


r  =  0.93 
n  =  113 


—I - 1 - <— 

4.0  4.3 


T 


$.0 


Figure  CJ.18  The  correlation  between  the  electrical  conductivity  and  in  soluble  salts 
in  the  Holocene  Reg  soils  ol  Nalial  Ze’elim  fOead  Sea). 
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mora  lolnbU  iftlti  (chloride*)  ftr*  pertUlI^  leached  durins  erents  of  large  rainfall  amount* 
(Arkley,  1981)  Dan,  1983)  or  wetter  climatic  Ngimee;  (b)  Some  of  tbe  more  eoluble  ealts 
may  rise  in  the  soil  profile  during  periods  of  desiccation  after  rainstorms,  and  are  later 
washed  by  surface  runoff. 

7.  There  is  no  good  relationship  between  the  contents  of  salts  and  gypsum  in  discrete 
soil  horisons  or  whole  soil  profiles  (fig  C.S.lfi).  This  is  dne  to  several  reasons;  (a)  A  very 
diversified  hydrochemical  composition  of  rain  water  of  different  rainstorms,  (b)  Differen¬ 
tial  solubility  and  mobility  of  the  various  salts.  Leaching  and  capillary  rise  redistribute 
salts  in  the  soil  and  remove  some  of  the  more  soluble  materials,  (c)  There  is  a  gradual 
change  of  soil  texture  with  time;  this  affects  the  hydraulic  properties  of  the  soil  (see 
chapter  C.l)  and  with  it  —  the  distribution  of  various  salts  in  thi;  soil  profile,  (d)  Most 
aridisols  are  polygenetic;  they  have  developed  under  changing  climatic  regimes,  with  vary¬ 
ing  rainfall  and  salt  contribution  patterns. 

8.  There  is  no  established  quantitative  relationship  between  the  amounts  of  salts  or 
gyspum  and  the  quantities  of  fines  (silt  and/or  clay)  in  the  soil  (fig.  C.3.17)  .  The  higher 
mobility  of  the  salts  through  the  soil  is  the  major  reason  for  this  situation.  The  soils 
richest  in  fines  are  loessial  soils  and  Takyr  soiU  while  the  most  saline  soils  are  Solonchaks 
and  Reg  soils;  in  the  latter  two  soil  types  the  relative  amounts  of  introduced  salts  versus 
‘.rapped  dust  are  high.  A  very  general  trend  is  that  the  salts/dust  ratio  increaces  with  ari¬ 
dity,  due  to  decreasing  leaching  and  low  dust  trapping  of  the  soil  in  the  more  arid 
environment.  In  soils  rich  in  fines  under  arid  to  extremly  arid  climates,  one  generally  ob¬ 
serves  a  retarded  dust  penetration  while  introduction  of  salts  is  still  effective;  such  soils 
become  more  ealine  with  time. 

9.  The  composition  of  the  chloridic  salts  in  the  soil  was  not  studied  in  detail;  however, 

several  observations  were  made:  (a)  There  is  a  high  degree  of  correlation  between  several 
variables  in  the  Holocene  Reg  soils;  (1)  Electrical  conductivity  and  content  (fig. 

C.3.18);  (2)  The  content  of  Na+  and  Cl"  (fig.  C.3.19);  (3)  The  content  of  Ca++  and  Cl  (fig. 
C.3.20).  Such  correlations  point  to  the  rather  constant  overall  relationships  between  the 
components  of  the  chloridic  salts,  (b)  There  is  a  certain  similarity  between  the  salt  com¬ 
position  of  sea  water  and  that  of  Solonchak  soils  in  coastal  Sabkhas  and  some  young  soils, 
such  as  Holocene  Reg  soils  (fig.  C.3.21)  and  A  horisons  in  some  other  aridisols.  (c)  Most 
older  soils  and  soil  horisons  are  different  in  their  salt  composition  from  both  sea  water  and 
average  rain  water. 

10.  Calcic  soils,  in  which  calcium  carbonate  is  a  major  precipitate,  are  found  mainly  in 
tbe  less  arid  environments  —  the  northern  and  northwestern  Negev.  Such  soiiu  are  encoun¬ 
tered  also  as  paieo-oU  in  areas  where  gypeic  and  salic  soils  are  being  formed  at  present, 
and  were  observed  in  many  sites  in  the  arid  and  extremely  arid  parts  of  the  Negev  and  the 
Sinai. 
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Mguw  CA21.  The  cofr«l»lion  between  Mg+^  and  Cl'  in  the  loluble  lalte  of  the  B  and  C 
horiiona,  in  the  Holocene  Reg  eoili  of  Nahal  Zc’elim  (Dead  Sea),  Note  that  the 
ratio  between  the  two  eariablet  ia  about  1:5,  airallar  to  that  of  sea  water. 
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Figure  CJ.22  The  evetegi  conleut  of  lelti  and  gypium  in  varioui  arldiioli. 
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C.4  GROUND  COVER  —  TYPES  AND  OCCURRENCE 


Soils  &nd  surficicki  deposits  in  deserts  ere  often  mantled  by  some  crust  —  a  well  defined  surfi* 
cial  horiton,  different  in  its  texture  and  structure  from  the  underlying  material.  In  many  cases, 
the  surficial  horiuon  it  more  cohesive,  durable  and  erosion-resistant  than  the  underlying  horiton. 
This  is  more  often  the  case  in  soils  than  in  other  surficial  deposites.  In  other  instances,  some 
indurated  horiton  was  brought  to  the  surface  by  the  erosion  of  an  overlying  softer  layer.  The 
surficial  crusts  vary  in  their  composition,  structure,  thickness  and  degree  of  induration.  Several 
major  types  should  be  presented: 

1.  Loess  Crusts 

Loess  crusts  are  thin  crusts  (2-3fnm),  usually  of  loam-silt-loam  texture  (plate  ISC).  They  are 
widely  spread  on  loessial  deposits  and  between  surfuce  rocks  in  Reg  soils  on  alluvial  and  talus 
surfaces.  Loess  crusts  are  composed  mostly  of  silt  and  clay,  densly  packed  and  unaggregated 
(Chen  et  al.,  1080).  They  are  formed  by  two  groups  of  processes:  (a)  MerJianical  dispersion  and 
deposition  by  raindrop  impact  and  surficial  runoff  (Morin  et  sl.,1981;  Tarchitsky  et  al.,  1984).  (b) 
Chen  ical  dispersion,  washing-in  and  accumulation  of  clays  (Agassi  et  al  .,  1981). 

2.  Biogenic  Crusts 

Lichen,  algae  and  mosses  often  form  a  surficial  layer  over  fine  grained  soils  and  debris.  The 
resulting  crusts  protect  the  underlying  profile  from  the  impact  of  raindrops  and  erosion  by  runoff 
and  winds.  Dust  is  usually  trapped  by  lichen  colonies  and  mosses  and  between  them  (Danin  and 
Yaalon,  1981).  The  resulting  crusts,  composed  of  dust,  plants  and  precipitated  salts  are  of  variable 
thickness:  In  the  vicinity  of  Jericho  (-100  mm/year  of  mean  precipitation)  a  <  20  cm  thick  crust 
has  developed  during  a  period  of  several  thousand  years  over  chalks  and  marls  of  the  late 
Pleistocene  Lisan  Formation.  Near  Massada,  some  50km  to  the  south  (-60  mm/year  of  mean 
precipitation)  the  crust  is  only  a  few  mm  thick  (Danin,  1984;  personal  information). 

3.  Crusts  on  Playa/Sabkh*  Surfaces 

Surficial  layers  of  playa  surfaces  are  diversified.  Three  main  types  are  apparent: 

(a)  Clayey  crust.  These  crust,  composed  of  40-76%  clay  appear  in  playa  centers 
which  are  covered  occasionally  by  flood  water.  The  coarser  fractions  are  left  behind,  in  the 
playa  margins  (see  Part  D).  Fine  airborne  duet  is  added  to  the  surface  while  it  is  wet.  In 
these  playas  there  is  no  permanent  shallow  water  table  and  the  surface  it  dry  for  long 
periods  of  time.  Salts  in  large  amounts  are  not  added  and  in  fact  they  are  leached  by  per¬ 
colating  floodwater.  The  crusts  are  hard,  smooth  and  devoid  of  vegetation,  overlying 
Takyr  toils. 

(b)  Salt  Crusts  are  typical  to  playas  and  sabkhat  where  high  groundwater  level  is 
discharging  water  tn  the  surface,  repeatedly  or  continuously.  The  salts  precipitated  upon 
evaporation  arc  mostly  chlorides,  sulphates  and  some  carbonates.  Crusts  of  variable 
thickness  are  formed.  The  surface  is  usually  rough,  composed  of  small  crests  and  troughs, 
polygon:  of  various  sites  and  small  solution  pile  (Krinslcy,  1070;  Cooke  and  Warren, 
197.9).  During  long  periods  of  time  the  soil  (Solonchak)  is  wet  and  soft  at  the  surface. 

(c)  Soft  puffy  surraces  are  frequently  encountered  in  playas  where  rapid  capillary 
rise  of  water  is  d-rived  from  a  very  shallow  water  table.  The  micro-topography  of  such 
surfaces  may  attain  15  cm.  High  salt  content  and  rather  large  particle  sites  —  sand  and 
silt  (very  little  clay)  are  typical.  The  surfaces  is  periodically  wet.  Shallow  water  inun- 
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dation  occasionalljr  occurs;  dissolution  of  salts  and  smoothing  of  the  surface  takes 

place,  only  to  become  rougher  again  upon  drying. 

4.  Surflcial  Gravel 

Gravel  (pebbles,  cobbles,  stones,  grit)  appears  on  many  landforms  de%'eloped  or  derived 
from  hard  brittle  bedrock:  stream  channels,  alluvial  fans,  alluvial  flood  plains,  rocky  pla¬ 
teaus,  hillslopes.  Rock  blocks  of  various  sites  ate  exposed  by  erosion  of  hillslopes  and  are 
carried  downstream.  The  sise  of  the  gravel  is  governed  by  several  factors:  joint  spacing, 
breakdown  and  attrition  during  periods  of  movement,  sorting  during  periods  of  transporta¬ 
tion  weitheriug  durlug  ^x-rlods  of  rest.  The  general  trends  are  described  in  Part  D  and 
figures  D.l,  D.2.  It  is  during  the  period  of  long  rest  that  dust  is  added  to  the  gravel,  through 
weathering  and  introduction  of  airborne  materials:  Reg  soils,  Hammada  soils  and  Lithosols 
are  common  results  of  the  movment  of  water,  and  the  deposition  of  dust  and  salts  whitin  the 
gravelly  debris  mantle. 

5.  Desert  Pavement 

Desert  pavement  is  a  gravelly  surflcial  cover  of  >  40%,  overlying  a  fine  soil  horison.  It  is 
usually  composed  of  coarse  fluviatile  gravel,  partly  or  completely  shattered  by  mechanical  weath¬ 
ering.  The  resulting  gravel  is  often  1-7  cm  in  median  diameter;  it  is  stable  in  place,  lying  flat, 
short  axis  vertical  (plate  llA).  Desert  pavement  is  characteristic  to  gently  sloping  coarse-alluvial 
plains  that  are  not  fluvially  active,  Jiammadas  on  rocky  flats  and  talus  slopes  of  medium  and 
gentle  gradients.  The  stones  may  be  varnished  or  pitted  on  the  upper  side. 

Several  processes  are  involved  in  desert  pavement  evolution:  (a)  Mechanical  weathering  of  ori¬ 
ginal  gravel;  (b)  Winnowing  and  washing  away  of  fine  particles  (<  2mm)  by  wind,  runofi*  and 
percolation;  (c)  Migration  of  gravel  towards  the  surface;  (d)  Downward  movement  of  dust  intro¬ 
duced  by  wind  and  rain  —  fine  sand,  silt,  clay.  With  time,  a  thin  (0.5-7.0  cm)  loamy  vesicular 
horiton  develops  underneath  the  gravel  and  between  the  discrete  rocks.  In  the  latter  cases  it  is 
covered  by  a  thin  loess  crust.  During  several  tens  of  thousands  of  years  a  gravel-free  B  horison 
may  develop  under  the  vasicular  layer. 

The  course  of  evolution  of  desert  pavement  on  alluvial  surfaces  is  as  follows:  (a)  At  an  early 
stage  there  is  usually  an  almost  complete  cover  (76-95%)  of  the  surface  by  fluviatile  gravel  and 
some  fines.  At  this  stage  there  is  a  gravel  bar  and  swale  topography  at  the  surface,  (b)  During  a 
later  stage  there  is  a  slow  obliteration  of  the  gravel  bars  by  the  mechanical  weathering  of  the 
surficial  gravel,  trapping  of  airborne  dust  underneath  and  between  the  surflcial  gravel  and  evolu¬ 
tion  of  Reg  soils  (Jlammada  soils  may  develop  in  a  similar  manner).  Figure  C.1.9  illustrates  the 
change  of  pavement  cover  with  time  on  a  Holocene  sequence  of  alluvial  surfaces,  (c)  Several  10^ 
years  elapse  until  the  surface  is  composed  mostly  (>85%)  of  secondary  (mechanically  weathered) 
angular  gravel  and  the  difTerences  in  elevation  between  bars  and  swales  (being  originally  20-60 
cm)  are  completely  eliminated.  The  conditions  that  determine  the  rate  of  this  process  are  the  site 
of  the  original  gravel  and  the  surflcial  features,  the  ability  of  the  water  to  penetrate  the  individu¬ 
al  rocks  and  the  amounts  and  composition  of  the  salts  available  for  the  mechanical  weathering 
process.  A  smooth  surface  of  desert  pavement  on  alluvial  surfaces  composed  originally  of  small 
cobbles  and  pebbles,  indicates  an  age  of  mote  than  13,000  years  (Bull,  1974;  Bull,  in  preperation; 
Ku  et  al.,  1979)  and  in  most  cases  more  than  30,000  years,  (d)  After  several  10^  years,  when  the  soil 
profile  is  highly  plugged  with  fine  silt,  clay  and  salts,  there  usually  occur  a  stripping  and  erosion 
of  the  Reg  soil  and  some  indurated  crust,  composed  of  gypsum,  salts  ci  calcium  carbonate  may  be 
exposed  at  the  surface. 
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PART  Dt  GRAVEL  IN  DESERT  SOILS  AND  DEPOSITS  - 
SOME  COMMENTS  ON  POSSIBLE  RELATIONSHIPS  TO  DUST 

Tka  praMitt  i^ort  wiik  4kt  la*  fraeklou;  kow«*ar,  it  ii  still  aacsMary  to  have  an 
orerTiew  oa  tk«  aceompaajiag  aatarial  —  grasal.  Tkt  followiag  tiaatmsnt  ii  rather  general, 
but  it  certaialjr  eomplemeata  the  bfoader  plctaia. 

Gtaeei  ia  deaert  terraiaa  ia  laadilf  aeatlahla  4na  to  the  aigaifieantly  high  rate  of  mechani¬ 
cal  brtakdowB  of  the  bedrock.  Salt  weathariag  ia  pradoaiaaat  ea  the  widespread  rocky 
outcrops  as  well  as  at  the  bottom  of  the  shallow  Ragoaol,  Uammada  soil,  and  Lithosol  profilet. 
The  dsbris  produced  bj  mechanical  shatterlag  ia  readily  transported  by  the  high  rates  of  run- 
oif  from  rjck  axpoanres  caused  by  iateasise  taiafalL  Sorting  in  the  sise  of  graeal  takes  place  at 
the  debris  Is  transported  down  the  flvrial  system:  the  finer  fractions  are  carried  farther  down¬ 
stream  into  the  depositioaal  basins. 

Mr'ind  erosion  and  transport  are  sigaificaat  processes  in  winnowing  sand  and  dust  from 
eroding  terrains  as  well  as  from  depositioanl  laadforms;  the  finer  fractions  accumulate  in 
downwind  areas,  such  as  sand  fields  and  loess  plains.  Grasel  It  left  behind  as  a  lag  deposit  with 
very  little  fine  matrix.  Figure  D.1  broadly  summarises  the  general  subject  of  the  origin,  tran¬ 
sport  and  deposition  of  gravel  in  fluvial  and  interfacing  systems  in  deserts. 

The  site  of  the  gravel  it  dspendent  oa  several  factors: 

1.  Jolat  spacing,  dsterminiag  the  site  of  potential  rock  debris. 

2.  The  available  power  to  detach  and  transport  gravel  downslope  atd  downstream. 

3.  Waathering  and  abrasion  of  rocks  during  periods  of  repose  and  truniport,  reepectively. 

The  following  are  the  types  of  agents  that  may  carry  very  coarse  gravel  (large  cobbles  and 
boulders)  dowenslope  and  downstream  into  the  dspositional  basins: 

1.  Debris  flows,  carrying  large  unsorted  gravel  in  a  matrix  of  fins  earth  materials  (Plate 

«)• 

2.  Flashy  fioods,  typical  to  terrains  of  large  rocky  outcrops  under  intensive  rainfall. 
Debris  flows  ate  characteristic  of  steep  hillslopes  under  long  term  moderately  arid  -  semi-arid 
climatic  regimes  while  flashy  floods  are  more  typical  of  desert  terrains  under  arid  through  ex¬ 
tremely  arid  climates  (Gerson,  19S3). 

The  effects  of  climate  are  claarly  demonstrated  by  analysing  sedimentary  units  in  deserts. 
For  example,  high  Pleistocene  alluvial  terraces  and  fans  at  the  foot  of  escarpments  include  in 
their  sections  a  high  proportion  of  dsbris  flow  deposits  repieseating  climatic  regimes  wetter 
than  at  present.  The  lower  group  of  alluvial  terracas  exhibit  stratifled  and  lenticular  coarse 
and  fine  fluvial  sediments,  typical  of  the  more  arid  regime  of  the  Holocene  (Gerson  and  Gross- 
man,  1985). 

Many  watersheds  in  ths  southern  Mojave  and  Sonoran  Deserts  show  three  types  of  gravel, 
either  in  a  single  terrace  or  in  separate  terraces  (fig.  Dfl).  These  include  flne,  well  sorted  gravel 
often  la  a  fins  sarth  matrix  (red  In  color),  overlain  by  coarse  unsorted  gravel  mixed  with  sand, 
and  sand  with  some  gravel  as  In  many  pwsant-dsy  channels.  These  represent  three  types  of 
environments,  respectively!  1.  Moderately  arid  to  semi-arid  or  a  transition  from  such  a  climate 
to  a  distinctly  mors  arid  one;  3.  An  extremely  arid  to  arid  climate  with  coarse  gravel  avail¬ 
able  for  transport  and  deposition  by  flash  floods;  8.  Stream  channels  in  watersheds  under  ex¬ 
tremely  arid  climates  of  long  duration,  where  billslope  collnvia  and  regolitk  are  depleted  and 
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In  mail]'  loil  types  and  other  deposit!,  gravel  is  a  major  component  and  is  often  found 
interspersed  with  fine  earth  (sand,  silt,  clay).  With  time,  these  deposits  develop  a  loamy  gravel- 
free  Ay  and  B  horisons  overlain  by  a  fine  to  medium  sised  gravelly  desert  pavement.  Such  are 
generally  old  Reg  soils  and  sometimes  old  }dammada  soils  (plates  11,  13).  The  gravel-free  hor- 
iions  are  formed  by  the  penetration  of  settling  atmospheric  dust  with  percolating  rain  and 
runoff  water.  The  spaces  between  the  original  coarse  particles  are  gradually  filled  with  dust. 
Accretion  of  additional  dust  forms  the  gravel-fice  horisons.  It  takes  several  10-'  years  for  a  O.a 
-  1.0  cm  thick  A,  horison  to  develop,  some  h  -  IS  IO*  years  for  a  3-S  cm  thick  AB-B  gravel-free 
horisons  to  form,  and  6-10 10^  years  for  a  thick  (several  decimeters)  gravel-free  horison  to  be 
established.  Dust  accretion  in  the  C  horison  is  rather  slow,  and  it  therefore  remains  highly 
gravelly.  Concomitant  with  the  accretion  of  dust  there  is  a  gradual  salinisation  process.  The  B 
and  C  horisons  become  gypsic  and  salic  (or  calcic)  with  time  (see  Chapter  C.3).  Precipitated 
salts  eventually  constitute  tens  of  percents,  by  volume  and  weight,  of  the  non-gravelly  frac¬ 
tion.  A  well  developed  gravel-free  horison  in  Holocene  Reg  soils  is  rather  rare.  A  clear  bar  and 
swale  topography  on  gravelly  alluvium  (Plate  5B)  may  be  associated  with  a  <10  cm  thick 
gravel-free  or  a  gravel-poor  horison.  Wfell  developed  late  Pleistocene  Reg  soils  may  usually 
have  a  <25  cm  thick  gravel-free  layer.  More  frequent  are  soils  with  such  horisons  S  -  15  cm 
thick.  A  slmilsr  range  of  thickness  it  typical  of  gravelly  soils  on  talus  slopes.  The  mature 
gravelly  soils  are  always  associated  with  a  smooth  desert  pavement,  (Plates  11,  14).  The  upper 
part  of  gravelly  sieve  deposits  stay  highly  porous  for  very  long  periods  of  time.  Only  very  old 
surfaces  composed  of  such  deposits  may  have  gravel-free  horisons,  but  this  situation  is  rather 
rare.  Most  Hsmmada  soils  are  very  irregular  with  respect  to  gravel  content  and  in-situ  rock 
blocks.  Usually  one  observes  a  lateral  transition  from  exposed  bedrock  into  mechanically  shat¬ 
tered  rocks  with  some  dust  concentrated  in  pockela.  Sometimes  well  developed  desert  pavement 
overlies  patches  of  a  gravel-free  B  horison  (Plates  llA,  14D). 

Summary 

1.  The  ratio  of  fine  earth  to  gravel  increasea  with  time  in  most  gravelly  soils  on  stable 
surfaces  (Reg  soils,  Hammsda  soils) 

2.  A  gravel-free  layer  tends  to  develop  in-situ  with  time  under  a  desert  paveroe.nt  on  stable 
surfaces  composed  of  coarse  alluvial  gravel  and  mechanically  weathered  hard  rocks.  A  con¬ 
tinuous,  smooth  desert  pavement  usually  denotes  a  gravel-free,  loamy-silty  horison  underneath, 
generally  thicker  than  10  cm. 

3.  A  well  developed  desert  pavement  is  usually  composed  of  well  sorted  gravel,  1.5  -  7.0 
cm  in  diameter.  Thia  hinders  sise  estimations  for  the  gravel  layers/horisons  underlying  the 
gravel-free  horiions.  However,  there  is  a  general  decrease  of  grsvel  siie  and  better  sorting 
downstream  in  a  channel  or  alluvial  fan.  This  principle  msy  serve  as  a  guideline  for  sise  esti¬ 
mation  if  the  gravel  underlying  the  surface  is  of  interest. 

4.  Soil  profiles  and  deposits  in  downstream  reaches  usually  include  more  fine  earth  sired 
materials  than  upstream. 

5.  Very  coarse  and  unsorted  gravel  is  expected  in  debris  flows  and  along  st.eam  channi  Is 
and  alluvial  terraces  of  water  courses  draining  sleep  mountaineous  watersheds  wher  hard 
rocks  are  exposed. 

A.  iiammada  soils  and  Lithosols  are  most  variable  in  their  general  content,  .site  and  di.s 
tribution.  It  is  extremely  difficult  to  generalise  or  predict  their  gravel  composition. 
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Ciiroulalivc  frequtnfv  distribution  of  particalc  sites  of 
Sravei  sampled  on  modern  channel,  colluvium  and  joint 
blocks  (.Mohawk  .Mts.,  southwestern  Aritc.':!'. 


PARTICLE  SIZE(MM) 


Flgur*  D.2b  Cumulative  frequency  distribution  of  particsle  sites  of 

gravel  from  different  aged  deposits.  —  late  Pleistocene. 
Qa  —  Holocene.  modern  channel. 
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PART  E.  SUMMARY  AND  DISCUSSION 


E.l  SOME  ENVIRONMENTAL  EFEECTS  ON  DESERT  SOILS  AND  DEPOSITS. 


On  The  EfTeet  Of  Climate  On  Doeert  Sulla 

The  climatic  regime  ia  reflected  mainly  through  the  availability  of  water  —  the  amounts, 
duration  and  intensity  of  the  precipitatition;  the  frequency  of  rainfall  events,  the  duration  of 
dry  periods;  the  rate  of  evaporation.  Wind  and  temperature  should  be  taken  into  consideration 
while  evaluating  water  availability. 

Tha  akvallablltty  of  water  effects  the  following  processes  and  their  products: 

1.  Mode  and  rate  of  weathering.  Generally,  the  more  arid  the  climate,  the  more  aigni* 
Scant  is  the  process  of  mechanical  weathering,  compared  with  chemical  decomposition.  In  ex¬ 
tremely  arid  environments  one  should  expect  predominance  of  gravel,  grit  and  sand.  Under 
aemi-arid  climates  grit,  sand  and  fines  may  be  produces  in  appreciable  amounts  or  even 
predominate. 

2.  Water  Infiltration.  The  depth  of  water  infiltration  depends  mainly  on  the  amounts, 
duration  and  intensity  of  rainfall,  antecedent  moisture,  porosity  and  permeability  of  the  toil. 
The  tbleknesa  of  the  soil  profile  and  the  soil  horitons,  the  penetration  and  distribution  of 
airborne  dust  and  salts  and  the  modes  and  tones  of  weathering  —  all  are  dependent  on  the 
infiltration  of  available  w,atef.  The  thickness  of  the  soil  profile  is  a  readily  observable  proper¬ 
ty;  in  most  soils  it  is  directly  effected  by  the  degree  of  aridity.  Soils  of  a  particular  type  in  the 
extremely  arid  southern  Negev  are  shallower  than  the  soils  of  the  same  type  in  the  less  arid 
northern  Negev.  The  shallowness  of  the  Reg  soils  of  Holocene  age  reflect  the  aridity  of  the 
latest  Quaternary,  compared  with  the  thicker  soils  of  late  Pleistocene  or  earlier  periods  (see 
chapter  E.2).  Similar  trends  apply  to  the  thickness  of  discrete  soil  horitons. 

3.  The  composition,  distribution  and  content  of  salts  in  the  soil  are  controlled  mainly  by 
water  availability,  depth  of  water  penetr.ation,  and  evaporation.  These  factors  determine  the 
degree  of  leaching  and  differential  pree'ipitation  of  salts  of  different  solubility  —  car¬ 
bonates,  sulfates  and  chlorides.  The  "gradient”  of  salinity,  the  types  of  salts  and  the  depth  of 
salt  precipitation  with  climate  is  generally  accepted  and  is  suinmariied  by  Dsn  &  Yaalon 
(1982)  and  Dlrkcland  (1984).  Calcic  soils  are  characteristic  of  semi-arid  to  arid  terrains, 
whereas  gypsic-salic  soils  arc  typical  of  the  extremely  arid  environments.  However,  the  distri¬ 
bution  of  rainfall  through  the  year  and  the  resulting  vegetation  may  change  this  pattern 
through  the  change  of  the  effectiveness  of  precipitation.  In  desert  areas  of  two-season  rainfall 
regimes  or  where  snow  is  a  substantial  component,  there  are  instances  in  which  extremely  arid 
environments  receiving  00-80  nira  of  precipitation,  lead  to  development  of  calcic  soils.  Such  is 
the  case  of  the  southern  Mojave  and  northern  Sonoran  Deserts. 

For  further  discussion  on  the  effect  of  climate  and  significance  of  local  environmental  fac¬ 
tors,  such  as  topograhy  and  aspr.t,  see  the  following  section. 
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Local  Environmental  Effecta 


The  amouDl,  compodlion  and  diitributiun  of  dust  and  aalts  in  daicri  aoilt  and  dcpoilU  are 
grcatljr  influenced  by  three  baalc  elementi;  1.  Topography;  3.  Atpect;  3.  Location  —  relative  to 
adjacent  landformi.  There  elementr  may  exert  their  influence  in  different  degrees  and  combi¬ 
nations. 

1.  The  effect  of  topography.  The  deveiopment  of  a  catena  —  a  sequence  of  soils  along 
a  hillslope,  changing  in  properties  due  to  the  distance  from  the  crest,  gradient,  drainage  and 
history  of  the  soil  —  is  relatively  rapid.  A  clear  catenary  development  in  young  gravelly  soils 
was  found  on  risers  of  Holocene  alluvial  terraces  across  the  Negev  .  Thick  (15-30  cm)  gravel- 
free  B  horiaona  have  developed  at  the  foot  of  these  risers  and  thin  AC  type  proBIes  are  charac¬ 
teristic  on  the  backslopes  which  have  reached  gradients  of  lS‘’-20‘’.  The  general  catena  is:  a. 
Reg  soils  of  the  ABC  type  on  the  tread  of  the  terrace;  b.  Truncated  ABC  profiles,  into  AC 
profiles,  on  the  crest  of  the  slope;  c.  AC  or  C  profile  on  the  backalope  part  of  the  risers;  d.  )Afcll 
developed  ABC  profiles  at  the  footslopes. 

On  risers  of  gravelly  alluvial  terraces  of  Pleistocene  age  there  are  typical  ADC  soil  pro* 
files  along  most  of  the  slope.  The  catena  expresses  stability,  with  gradients  <  18°.  Leaching  is 
pronounced,  especially  on  the  downslope  segments,  since  these  portions  receive  runoff  water 
from  the  upslope  areas.  Concentrations  of  gypsum  and  salts  are  found  at  deep  horisons  In  these 
soil  profiles  —  35-60  cm  below  the  surface. 

On  many  hillsopes  carved  in  limestone  a.id  dolomite  (plate  lAi  there  it  a  characteristic 
toposequence:  a.  Lithosols  on  the  crest  and  backslope;  b.  Stony  serotemt  on  the  lower 
backtlope  and  upper  footslope;  c.  Loessial  serotems  on  the  footslope  and  toeslope  (Dan, 1866; 
Dan  et  al.,  1982).  On  the  lower,  colluvial  segments  there  is  usually  a  calcic  horiton  at  shallow 
depth  and  concentration  of  gypsum  at  deeper  horitoiis  (Arti,1981;  Wieder  et  al.,  1685).  On  the 
lower  toeslopes,  farther  from  runoff  contributing  backslopes,  there  is  often  a  gypsic  horison 
above  a  calcic  horiion  —  evidence  of  the  very  xeric  regime  in  such  sites  (Arti,  1881). 

Different  trends  were  found  on  gravelly  talus  slopes  at  the  base  of  escarpments  (plate  7A); 
The  lower  portions  of  the  slope  carry  Reg  soils  which  are  less  saline  and  more  dust-rich  than 
the  toils  on  upper  segments,  due  to  the  activity  of  runoff  and  wash  contributed  from  the  latter. 

In  loessial  soils  in  the  semi-arid  northwestern  Negev  there  is  a  trend  of  formation  of  a 
clay-loam  horisons  on  the  footslopes  -  segments  that  receive  both  water  and  clays  from  the 
backslope  parts  (Dan, 1866).  The  soils  on  the  footslope  segments  are  definitely  thicker  than  on 
the  backslopes  and  often  —  on  the  toeslopcs 

Within  a  given  hillslope  there  is  often  a  pronounced  difference  between  the  soils  of  adja¬ 
cent  sites.  Such  a  variability  is  observed  in  the  transition  from  bare  rocks  or  shallow  Lithosols 
to  loessial  Lithosols  or  Serosems  in  patches  downslope  (Danin,  1670;  Arsi,  1881);  the  latter  have 
in  many  cases  a  clay  on  clay-loam  texture  and  low  salt  content.  Reg  soils  on  Holocene  siluvisi 
surfaces  show  high  variability  in  texture  and  salinity  (Amit  &  Gerson,  1985):  the  soils  on 
gravel  bars  tend  to  be  coarser-grained  and  more  saline  in  their  fine  earth  fraction  than  the 
soils  on  the  swales  —  abandoned  channels  —  due  to  wash  from  the  former  into  the  latter. 

2.  The  Influence  of  aspect  —  direction  of  the  hillslope.  It  is  a  well  established  con¬ 
clusion  that  hillslopes  facing  the  sun  sre  usually  drier  than  those  directed  away  from  the  tun. 
In  the  Negev,  this  was  well  documented  for  both  toils  (Dan, 1866;  Arsi, 1981)  and  vegetation  (Da- 
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nin,I870).  S*v«r*l  fiicturi  that  determine  thr  properties  of  the  loll  are  related  to  atpect:  a. 
Water  availability  and  effcctiveneii.  The  direction  and  inclination  of  falling  rain  ate  con¬ 
trolled  by  wind  direction  and  velocity,  reapectively.  Thut,  more  rainfall  teachee  weit  and 
northweet  facing  hilUlopei  than  eait  and  eoutheatt  facing  hillilopea  in  the  Negev 
(Sharon, 1683).  HilUlopes  facing  northwcat  and  welt  may  receive  30-709S  more  annual  rainfall 
than  Iboee  having  the  opposite  directiuii.  The  difference  during  discrete  rainstorms  may  reach 
50-100%  (Sharon,  1880).  Desiccation  of  sun-facing  hilislopes  render  them  more  arid  than  those 
facing  away  from  the  eun.  In  the  case  of  the  Negev  both  rainfall  direction  and  tun  direction 
combine  to  accentuate  the  differential  moisture  between  north  and  west  facing  hilislopes 
versus  south  and  east  facing  ones.  b.  Vegetation  manifests  the  difference  in  aridity  very  clear¬ 
ly:  in  the  arid  hilly  northern  Negev  one  usually  finds  the  sygophyllum  dumosum  (sage  brush) 
plant  association  on  south  facing  hillilupet,  whereas  the  Antemisia  herba-albae  (hurley  bean 
caper)  plant  association  predominate.s  the  north  facing  ones  (Danin  1870). 

Dust  accretion,  being  dependent  on  wind  direction  and  velocity,  surficial  moisture  and 
vegetation,  illustrates  the  effects  of  aspect.  For  instance,  there  is  a  thiejeer  loess  mantle  on 
north  facing  hilislopes  than  on  south  facing  ones  in  the  northern  Negev  (plate  2D).  The  same 
trend  is  apparent  in  the  depth  of  aalt  precipitation  —  it  is  shallower  in  loila  on  south  facing 
hillslapes. 

3.  Location  relative  to  adjacent  landforms.  Dust  and  salts,  as  allochtonous  mslerlsls 
in  most  desert  soils,  are  sometimes  derived  from  landforms  and  physiographic  regions  adjacent 
to  tha  site  in  question.  Soil  at  aites  located  downwind  of  source  areas  of  dust  or  salts  will  show 
larger  amounts  of  these  materials  and  a  rather  high  degree  of  development.  For  example,  in  the 
aouthern  Arava  Valley  —  a  region  located  downwind  of  vast  source  areas  for  dust  and  salts; 
northern  winds  blow  over  this  area  most  of  the  time.  The  soils  and  deposits  in  the  southern 
Arava  are  richer  in  fine  sand,  dust  and  salts  than  soils  and  deposits  of  comparable  origin  and 
age  further  north  along  the  Dead  Sea  Rift.  Another  example  is  the  lava  Bows  of  latest  Pleisto¬ 
cene  age  in  the  Cima  Volcanic  Field  in  the  southern  Mojave  Desert  (Wells  et  al.,  1884);  large 
amounts  of  dust  have  been  trapped  in  the  Hammada  soils  on  this  flows,  located  downwind  of 
the  source  areas  of  Soda  Lake  and  Silver  Lake  playas  (see  chapter  E.2:  Rates  of  Dust  Accretion 
in  Deserts). 


On  The  Impact  Of  Clitnatlc  Flucluittiuiia  On  Arldic  Soiln. 

Climatic  regimes,  if  in  effect  for  a  suflicienl  length  of  time,  may  produce  long-standing 
prints  in  some  types  of  aridic  soils.  Pedologic  activity  during  periods  of  several  IC^  to  several 
10^  years  Is  necessary  to  reflect  a  particular  climatic  regime.  The  effect  of  such  a  regime  may  be 
overshadowed  by  certain  local  effects  as  describes  in  the  pievius  section. 

The  properties,  or  qualities,  which  depend  on  climate  in  aridic  soils  are: 

1.  The  thickness  of  the  soil  profile  and  the  soil  huriion.s. 

2.  The  texture  of  the  allochtonous  dust-sited  fraction. 

3.  The  composition  and  the  distribuliun  of  the  secondary,  pedogenic  salts  in  the  various 
soil  horitons. 

4.  The  altered  mineral  species,  the  quality  of  the  iron  oxyhydroxides  and  the  city 
minerals  in  the  soil. 
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6.  Certain  miciomorphological  featurei  luch  m  clay  filmi. 

All  theie  eharaeteriaticB  are  largely  dependent  on  the  hydrologic  regiine  at  the  anrface  and 
within  the  toil  profile.  The  hydrologic  regime  it  controled  by  both  the  climatic  elementi  — 
precipitation,  temperature  aud  wind,  and  by  the  hydraulic  propertiei  of  the  parent  material  or 
the  toil  profile.  The  latter  changet  tignificanly  with  time  (tee  chapter  C.l) 

There  it  nu  tufficient  data  about  tome  of  theae  factors;  etpecially  there  it  no  quantitative 
analysis  or  sound  guidelines  for  their  combination  to  be  applied  to  a  paleoclimatic  interpreta¬ 
tion.  However,  several  trends  should  be  emphasised  here. 

1.  The  eompoattloa  and  dletrlbutlon  of  the  pedogeiric  nnita  are  indicative  of  the 
effective  moisture.  The  differentiation  between  CaCOj-rich  toilt  and  gypsum-salt-rich  soils 
may  serve  at  a  sound  basis  for  separating  moderately  arid  to  semi-arid  environments  from  arid 
to  extremly  arid  ones  (Dan  k,  Yaalon,1982).  For  example,  while  calcic  soils  are  predominant  in 
the  semi-arid  to  moderately  arid  northern  Negev,  the  toils  in  the  extremely  arid  southern 
Negev  are  gyptic-salic.  Wherever  we  do  find  calcic  toils  in  the  southern  Negev,  they  ate  pre-late 
Pleistocene  paleosolt  or  have  developed  under  special  environmental  conditions.  In  some 
areas,  such  as  the  Grofit  Plateau,  w«  find  thick  (2-15m}  calcic  loetsial  paleosolt  similar  to 
those  formed  during  the  middle  to  late  Pleistocene  in  the  northern  Negev. 

2.  The  thickness  of  the  soil  profile  serves  as  an  indicator  of  the  depth  of  penetration  of 
meteoric  water.  This  property,  if  compared  in  soils  formed  on  similar  patent  materials,  may  be 
used  for  asr«tslng  the  relative  availability  of  moisture,  reflecting  effective  precipitation.  A 
case  in  point  is  Reg  toils  on  Holocene  versus  Pleistnrene  alluvial  surfaces:  the  toilt  on  the 
Holocene  turfaces  are  shallow  —  less  than  SO  cm  in  depth  —  whereas  many  late  Pleistocene 
Reg  soils  are  thick  —  more  than  1.0m  in  depth.  The  latter  have  developed  under  climatic  re¬ 
gimes  that  must  have  been  effectively  wetter  than  the  former.  It  it  not  the  t<me  factor  that  has 
led,  indirectly,  to  the  development  of  the  thicker,  older  toils;  avtilable  moisture  bad  to  be  effec¬ 
tively  larger  (for  elaboration  on  late  Pleistocene  climttea,  the  reader  it  referred  to  Horowitz, 
1979;  Goldberg,  1981;  Gerton  &  Grotiman,  198S). 

3.  The  mlneraloglcal  composition  of  some  soil  components  msy  bare  evidence  to 
past  climstic  regimes.  However,  most  of  these  mineralogical  components  should  be  taken  only 
as  indicators  to  climatic  regimes  and  climatic  changes  and  in  most  cates  not  st  s  conclusive 
evidence.  In  section  1  above  we  have  described  the  existence  of  calcic  paleosols  in  areas  where 
gypsic-salic  soils  are  the  rule  at  present.  Clay  composition  of  aridic  soils  is  often  mentioned  as 
a  possible  indicator  of  different  past  climates.  The  composition  of  the  dust  fraction  in  aridic 
soils  should  be  treated  cautiously  since  most  of  it  is  derived  from  airborne  sources.  The  compo¬ 
sition  of  this  recycled  dust  is  determined  by  the  weathering  processee  in  the  original  fites  of 
pioduction,  by  the  alteration  in  former  sitei  of  deposition  and  by  the  mixing  of  dust  from 
differnt  sources.  However,  few  components  msy  still  serve  as  climatic  indicators.  One  example 
is  kaolinite  in  soils  located  in  sites  where  kaolinite  is  not  preferably  abundant.  In  lome  toils, 
such  as  fossil  Terra  Rossa  and  calcic  argiliic  paleosols,  there  is  a  predominance  of  kaolinite, 
much  of  which  it  well  crystallised;  this  is  so  in  terrains  where  montmorillomite  is  predom¬ 
inant  ill  the  younger  soils  which  have  developed  under  climatic  regimes  similar  to  the  present. 
The  former  toils  have  developed  under  climates  wetter  than  at  present.  Gieyed  soils  are  not 
frequently  found  in  deserts.  However,  we  do  obeerve  tracts  of  reduction  and  gleysation  in  old 
paleotole  in  sites  where  no  such  processes  are  active  at  present;  stream  valley  bottoms  are  one 
cate.  Former  flood  plains  were  in  some  inetancea  perennially  inundated  whereat  the  present- 
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dty  ehmnneU  an  ephamcral  ftnd  dry  moit  of  th«  y*4r. 

4.  Tktt  ralatire  formation  and  accumulation  of  tit*  Tarlon*  iron  compound*  —  gocthlte, 
ferrihydrit*  and  hcmatit*  —  may  point  at  tite  climatic  ivgimet  undar  which  the  toil  ha* 
dereloped  (McFadden  ft  Hendrik*4MS).  Ho«««r,  th«  •eparation  of  the  effect*  of  th*  time  factor 
from  thoa*  of  climat*  ia  atill  a  major  drawback  in  the  interpretation. 

6.  Micromorphologieal  feature*  bold  potential  for  a  paleoclimatic  interpretation.  For 
•xample,  clay  Sima  ate  abundant  in  grareily  aoiU  that  have  developed  under  modetately  arid  to 
•emi*arid  climate*  whcreai  in  aneh  *oil*  developed  under  extiemly  arid  climate*  they  are  ab- 
aent  or  only  (lightly  apparent. 

Ws  may  accept  an  interpretation  of  paat  climate*  which  wet*  different  from  th*  preicnt  in 
ca*e*  where  several  *oil  propertie*  eupport  each  a  caa*.  Only  in  certain  ca***  may  we  use  a 
aingle  property  a*  a  concluaive  indicator  of  a  different  palaoclimate  —  calcic  aoil*  in  site* 
where  gyp«ic  one*  are  preaently  characterietic  and  gleyed  paleoaol*  in  aite*  where  gleyaation  i* 
not  active  at  preaent.  In  the  caae  of  foaail  Terra  Roaaa  in  desert  terrain*  we  beliva  there  i*  no 
donbt  about  paat  climate*  very  different  from  the  preaent  (the  preient  is  treated  her*  as  if  it  ia  a 
time  for  which  the  climate  i*  fairly  well  known). 


E.3.  EVALUATION  OF  DUBT  IN  DESERT  TERRAINS  — 
COMPOSITION  AND  AMOUNTS 


Note:  Chapter  E.2  emphafiiea  leeulti  and  conelneioaa  of  Part*  C  and  D  S««  the  aamoiarief  of 
the  ehapteri  in  the  parta  for  additional  coDcInelona. 

The  Compoeitlon  of  Duet 

The  coicpofition  of  the  duet  fraction  in  deiert  eoile  and  depoaite  ia  related  to  teveral 
aoureea,  auch  aa  parent  material,  the  compoaition  of  allochtonona  —  moatijr  airborne  —  duat 
and  the  nature  of  the  precipitated  aalta.  The  compoaition  of  the  airborne  duat  ia  largelp  re- 
Bected  in  the  duet  fraction  of  moat  deaert  aoila  and  depoaite.  Generally,  it  in  compoaed  of  -50% 
of  medinm  to  coarae  ailt.  Minor  amoanta  of  clap  and  Bne  aand  am  aiwapa  preaent.  However, 
addition  of  varioua  aiac-fraetiona  or  diifeientiation  bp  pedogenic  ptoceaaea  map  aigniflcantlp 
change  the  originai  aiie  diatribotion  according  to  location,  topographp,  climate  and  age  (aee 
chapter  B.l).  Eapeciailp  important  ia  the  contribution  of  aand  from  eolian  and  Bavial  aoDKea, 
Soila  in  areaa  cioae  to  activelp  contributing  aandp  terraina  are  nauallp  aandp  to  aandp-loam  in 
teature,  whereaa  the  texture  of  aoila  aeveral  tena  of  km  or  mom  from  anch  anaa  am  generallp 
ailtp-loam  to  ailtp-clay  (ace  chapter  C.l}.  The  aoila  and  depoaita  which  am  largelp  derived  from 
dialant  eotian  aoureea  are  uauallp  of  finer  textnre. 

Table  E.2.1  aummariaea  the  general  propertiea  of  the  eoila  and  the  depoaita  analpaed  in  the 
present  atudy.  Them  ia  no  aingle  principle  which  can  guide  an  objective  grading  of  deaert  aolli 
according  to  their  duat  content,  compoaition  and  diatribution.  Hence,  the  tppes  of  eoila  in 
table  B.2,1  are  organised  according  to  the  following  guidelinei.’ 

1.  The  abundance  of  dust  in  the  aoil  profile  —  maximal  in  loeaaial  and  Tskpr  aoila  and 
minimal  in  active  aand  dunea  and  coarae  graveltp  alluvium. 

2.  The  aaaociation  of  the  aoil  (or  depoait)  with  a  particular  tppe  of  landform  (fee  chapter 
A.3), 

3.  The  age  of  the  soil,  within  a  given  aoil  tppe.  In  moet  eoile  them  la  an  incmaae  of  the  fine 
fractione  (including  pmcipitated  aalta]  with  time. 

Figure  C.l. 16  expreaaei  the  duet  content  in  the  variouf  desert  eoile  and  depoaita  in  the 
Negev  and  the  Sinai.  A  autc  .larp  based  on  the  data  pmsented  in  chapter  C.l,  table  E.2.1  and  fig. 
C.l. 10  emphasiiet  the  follow ii.g  points  concerning  duat  In  the  different  eoile: 

1.  Loeeaial  aoila. 

Young  loeaaial  soils  are  usually  silt-loam  in  nature  whemae  well  developed  loetiial  aoila 
have  a  texture  of  eilty-clay  and  silty-clay-loam.  These  eoile  am  uiualiy  devoid  of  gravel  and 
coarae  aand,  Loeaaial  Seroiems  am  compoaed  mostly  of  ailt  and  clay  but  their  particle  liic 
diatribution  varies  gmatly.  The  amount  of  finea  (ailt-i-clay)  in  loeaaial  soila  uauallp  exceeds 
60%  and  often  reaches  60%.  The  ratio  between  clap  and  ailt  uauallp  ranges  between  0.4  and 
0.3.  Generally,  these  aoila  are  aimilar  in  textum  to  settling  atmospheric  duat. 

2.  Takpr  aoila 

Young  Takyr  aoila  am  ailt-loam  in  textum,  whemaa  well  davsioped  Takpr  aoila  am  usually 
ailty-clap  and  ailty-clay-loam.  Tbs  aoil  ia  compoaed  of  60-100%  duet,  including  40-60%  clay. 
The  clay /ailt  ratio  la  usually  0.6-2.  As  with  loeaaial  aoila,  they  am  aimilar  in  textum  to  eet- 
tling  atmoipheric  duat. 
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TABLE  E  2.1  SOIL  TYPES  AND  SURFICIAL  DEPOSITS  IN  DESERTS:  GROUND  COVER 
PROFILE  CHARACTERLSTICa  DUST  AND  SALTS 


Soil  Tjrp*;Typ«  of  Crouud  Co**r  Thlekatti  ot  ^  Norlxon  ^  Tblckniii  cf  Silt  «  Cltj,  X  ATOi  tg*  ^  Soil 

Surllcltl  Dtpotlt  Boll  /  Oopoilt  Morlion  of  tb«  <  Saa  Eatlattad  (ararag 

ErictlonCaTaraga)  <  2ib,  S  Clay 

*  El 

Typa  of  Airaraga  ranga  araraga  ranga  aaaraga  cc 


Cov«r  CoTsr 

.S 

CB  CB 

CB 

CB 

Bln 

BAX 

AVA 

It 

to«tf 

lo«t*  erutt 

100 

43-200 

181 

A 

S-36 

20 

15 

ID 

51 

100 

37 . 2 

B 

9B-132 

114 

35 

92 

66 

100 

44.1 

C 

0B- 120 

108 

17 

70 

62 

100 

- 

Brovn  Lotsilftl 

100 

Boll 

■Andy  loAS 

A 

7-41 

24 

64 

70 

54 

100 

- 

B 

73-104 

86 

61 

72 

68 

100 

- 

c 

10S-1S6 

119 

59 

84 

51 

100 

- 

Light  Brown 
Loaaalal  Soil 

flltf  clay 
loaa  emit 

100 

leS'Sio 

167 

A 

0-28 

14 

30 

80 

46 

100 

- 

8 

64-80 

67 

20 

87 

61 

ion 

C 

116-167 

136 

4 

92 

SB 

100 

- 

Loaailal  Saroiaaa 

loaai  with 

•oaa  rock 

62-191 

87 

A 

1-17 

9 

80 

81 

66 

i rA|a«atf 

B 

61-87 

74 

60 

91 

76 

- 

- 

C 

92-116 

104 

74 

81 

77 

- 

- 

Bb 

121-166 

143 

71 

78 

76 

- 

- 

Takyr  Soil 

loaia  cruit 

100 

40-180 

88 

A 

1-14 

7 

66 

100 

62 

96-100 

41.2 

B 

18-22 

18 

64 

100 

79 

06-100 

68.2 

C 

88-66 

60 

64 

100 

64 

96-100 

33.6 

Sglonchack  Soil 

•alt  Croat  or 

•  alina  loaadal 

80-140 

102 

A 

a-12 

a 

21 

86 

51 

90-100 

3.5 

/•andy  cruii 

100 

B 

50-102 

85 

60 

91 

90 

60-100 

- 

c 

J  6  -4*5 

30 

16 

35 

26 

60-100 

3,1 
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5 

f.  * 

AT»r»g«  ® 

Soil 

Binding 

7 

Componanta 

Coa&anta 

■  B 

Ett.l«4T  ad 

(ATiraga  In  tb«  < 

2bb  IrBctlon) 

<  2dd.  !( 

CUy 

Salte 

CypiuB 

X 

El«ctrl:%l 

Approt- 

X 

conductlT- 

lB4t.a 

BTf 

Ity  BBho/ca 

X 

h\ 

100 

37 . 2 

0.6 

0.C3 

- 

P.r.nt  att.rl.l  -  lo.ia. 

ti 

100 

44  .  1 

1 . 4 

0.09 

- 

Land  It  utually  cultl?attd. 

63 

100 

- 

4.2 

0.26 

- 

Varlabla  friability  of  turllcltl 

64 

100 

- 

0.0 

0.06 

- 

Th*  natural  Tagatatlon  It  of 
gratt  tttppa  typt. 

66 

ICO 

■ 

0.7 

0.C4 

■ 

Tti«  .oil  conliln.  p.Jog.n.tlc 

61 

100 

- 

0.2 

c.ot 

• 

CtCOa 

46 

100 

- 

0.6 

0.04 

- 

61 

100 

- 

0.6 

0.03 

- 

36 

100 

- 

0.8 

0.06 

- 

66 

- 

2.e 

0. 16 

0.6 

76 

- 

- 

16. e 

o.ss 

2.9 

77 

- 

- 

28.0 

1.76 

6.8 

76 

- 

- 

21.6 

1.36 

6.2 

S2 

»6-10C 

41  .  2 

fl.6 

0.6 

0.6 

High  toll  Bolitura  during  at  laait 
part  of  tba  ytar. 

7g 

06-100 

es.  2 

34.4 

2.16 

8.2 

liGta  lonatlon  according  to  partlclt 

84 

96-100 

aa.  6 

31 . 7 

1.08 

4.0 

•  li*.  ..llnltj  and  T*f..,*tlon. 

A  r.lttlT.ljr  61gb  (tnd  oontonll  In 

6l 

00-100 

3.6 

24 . 6 

1  .  66 

4 , 6 

coaital  btltt  and  In  ttrralni  adjacant 
to  tanditont  txpoturtt 

CO 

60-100 

- 

4.1 

0.26 

- 

36 

60-100 

3 . 4 

60 . 4 

3.7B 

8.0 

'4 
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TABLE  E.2.1,  Continued 


Soil  T]rp«;Typ«  ot  Ground  Cor«r  T&ickn«(a  of  Horizon  Thicknati  of  Silt  •  Clap,  1  Aaaraga  Soli 

Surflclal  Dapoalt  Soli  /  Dapoalt  Horlton  of  tb«  <  San  Catiaitad  (aTtragi 

Fr»ctlont»T«rag»)  <  2ib.  8  Clay 

*  F.li 

Typa  of  Araraga  rangs  araraga  ranga  araraga  coi 


Cov«r  CoT«r 

.8 

cm 

cm 

cm 

cm 

min 

■  AZ 

ATS 

It; 

Surflci4l  S«dlB«nt 

Co4ri«  AlluTlua 

Co4ri4  gr4v«l 

100 

10-100 

5/ 

A 

- 

- 

“ 

12 

- 

tr . 

C 

- 

- 

4 

0 

6 

- 

tr . 

R4g  Soil . Holoccn* 

48 

36-BO 

(130*) 

40 

A 

2-6 

s.s 

16 

ee 

80 

20 

11.2 

fluvlftl  grAT«l 

42 

B 

3-9 

6.5 

14 

8B 

80 

26 

14.2 

lo«ii  crust 

10 

C 

14-40 

27  .  1 

1 

76 

33 

20 

4.6 

Rag  Soil, 

dsssrt  psTsasnt 

84 

80-136 

b3 

A 

1-6 

4 

14 

84 

40 

40 

6.8 

Plalitocana 

losss  crust 

16 

B 

10-22 

18 

12 

Bfl 

48 

40 

12 . 7 

C 

30-63 

42 

3 

64 

33 

40 

10.4 

Bb 

ao-84 

27 

la 

ee 

66 

- 

16.6 

Rag  Soil, 

Tartlary 

daaart  patraatnt 

S7 

160 

ISO 

loata  eruat 

a 

B«« 

0-12 

10 

63 

ee 

78 

80 

22.9 

Bt> 

100 

100 

GrtTtlf  Rtgoiol 

looss  grsTsl 

93 

30-160 

68 

A 

8-lB 

8 

3 

99 

47 

30 

11.1 

ssnd  And  losss 

7 

B 

2-9 

e 

6 

82 

20 

40 

3.6 

c 

aa-aa 

as 

7 

76 

39 

10 

6.4 

£8 


;  sut.  * 

CUy. 

% 

ATor*g* 

Soli 

Binding 

Co&pon*nt* 

CoBS*nts 

of  cii« 

<  2ib 

ElllB*t4d 

(*v*rag*  in  th4  < 

2Ba  friction} 

Fr*cLlon(fcT«r*g«) 

<  2oa  S 

c;.y 

Slltt 

GfpIUB 

% 

Eltctrlc*! 

Approx- 

% 

conductlx- 

iBAt* 

ulr. 

■  AX 

AT* 

Itr  ■aho/c* 

% 

- 

- 

12 

■ 

■.r. 

10.0 

0.66 

0 

Poor  cobAtlon.  l.ow  clxy  conl.*nt. 
Good  ■At*r  penal,  r  At  Ion . 

4 

0 

6 

- 

ir 

21 . 6 

1 .36 

0. 1 

ScAtt*r*d  bulb**  And  tr**e. 

16 

ea 

60 

20 

M  .  2 

8.0 

0.  B 

0.6 

Notea  on  Rag  Sollt; 

Highly  grAvally  iolla. 

14 

88 

60 

26 

14.2 

14 . 2 

0 . 80 

2.6 

Mottly  il»T0ld  of  rogetntlon. 

■' 

76 

33 

20 

4.8 

12.0 

0.76 

2.1 

A  horlxon  la  bar*  d*li;>ad  a*  tba 

14 

84 

40 

40 

0.6 

10.3 

0.64 

0.0 

fine  too  toll  wndar*-'  And  bat«**D 

turllciAi  eotar. 

12 

86 

48 

40 

12.7 

22.7 

1.42 

8.6 

Tb*  foil  It  Bolo.  '":rlng 

3 

84 

33 

40 

10.4 

20.7 

1.29 

6.8 

And  Aft*r  lnfrtqu4.it  rAlnttll 
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Not**  on  Tablo  E.2,1  (not*  number  I*  marked  at  the  head  of  the  appropriate  column) 


(1)  There  la  no  aingle  principle  which  can  guide  an  ob|ectlve  grading  of  deaert 
aolli  according  to  their  duat  content,  compoaltlon  and  dlatrlbutlon.  Tharafore,  the 
typea  of  aoiia  and  aurficlal  dapoalta  are  organlied  according  to  the  following  gulda- 
ilnaa: 


(a)  The  abundance  of  duat  In  the  aoll  profile,  maximal  In  loeaalal  and 
Takyr  aoHS.  and  minimal  In  active  Band  dunea  and  coaraa  gravelly  alluvium. 

(b)  The  association  of  the  aoll  (or  deposit)  with  a  particular  type  of  land- 
form. 

(c)  The  age  of  the  soil,  within  a  given  soil  type.  In  moat  soils  there  Is  an 
increase  of  fine  fractions  (Including  precipitated  salts)  with  time. 

A  detailed  description  of  the  main  soil  types  Is  presented  In  chapter  A.4. 

(2)  Most  soils  in  deserts  develop  a  surflclai  layer  or  crust  rather  rapidly.  Such  a 
cover  is  different  in  compoaltlon  and  structure  from  the  underlying  layers  or  horizons; 
often  the  surflclai  layer  Is  more  cohesive  and  may  determine  the  degree  of  potential 
of  dust  emission.  Different  ground  covera  are  presented  in  table  E  2 1,  according  to 
their  texture,  composition  and  the  percentage  of  areal  coverage.  The  types  of  cover 
are  (see  details  In  chapter  C.4): 

(a)  Loess  crust  (dense  and  thin  -  1-3  mm  thick)  on  loesslal  soils,  Takyr 
soils  and  between  large  particles  In  gravelly  soils. 

(b)  Salt  and  gypsum  crusts  on  Soionchak  soils  In  playas  and  sabkhas. 

(c)  Desert  pavement,  usually  composed  of  flat  lying  gravel  developed  on 
old  gravelly  deposits,  with  >40%  gravel  cover  and  an  interstitial  loess  crust. 

(3)  The  thickness  of  the  soil  profiles  and  horizons  IS  most  variable  for  many  soils. 
The  range  and  average  Is  not  always  based  on  a  large  number  of  observations  or 
measurements.  The  data  Include  soils  of  different  ages,  degrees  of  development,  and 
aspects.  Hence  the  range  of  data  should  be  considered  as  well  as  the  averages. 

(4)  The  designation  of  soil  horizons  is  generalized  as  A.  B,  and  C  without  further 
subdivision.  This  is  so  for  the  comparison  of  the  general  characteristics  of  the  hor¬ 
izons  and  incorporation  or  data  from  sources  additional  to  those  collected  In  the 
present  study. 

(5)  The  textural  subdivision  employed  here  is  as  follows:  (a)  Sand  -  2.0-0.063 
mm.  (b)  Silt  -  0.063-0.002  mm.  (c)  Clay  -  <0.002mm.  Oust  Is  defined  as  silt  and  clay 
-  <0.063  mm. 

(6)  The  data  represent  es  tes  In  the  field.  <2  mm  Includes  fine  earth.  I.e.  sand, 
silt  and  clay.  The  remainder  is  .idifferentiated  gravel. 

(7)  Several  soil  components  affect  soli  consistency.  Clay  and  salts  (chlorides, 
gypsum,  carbonate)  are  prominent  among  these.  Chlorides  and  gypsum  are  the 
characteristic  precipitates  In  the  soils  here  considered.  In  some  other  deserts,  such 
as  the  Mojave,  carbonate  predominates.  Electrical  conductivity  represents  the  con-  ^ 
tent  of  soluble  salts,  mostly  NaCi;  16  mmho/cm  equals  approximately  1%  of  soluble 
salts.  The  data  presented  here  are  m  percents  of  the  fine  earth  fractions  of  the  soil 
or  deposit.  The  quantitative  effects  of  earth  of  the  three  components  on  their  ob¬ 
served  combinations  are  not  yet  established. 


3.  SoloQchkk  toIU 


Theae  aoilt  —  Tttj  poorijr  deralopad  —  reflect  the  parent  material  in  which  thejr  arc 
formed  —  fluvialljr  derived  plaja  and  tabkha  depoeita.  In  the  touthern  Arava  Valley  and 
along  the  Culf  of  Elat  coaat  they  are  compoeed  of  aand,  loamy-tand  and  eandy-loam; 
30-70%  sand,  10-20%  eilt  and  1-10%  clay.  The  clay/eilt  ratio  ii  usually  O.fl-l.  The 
amount  of  gravel  it  usually  very  low  —  <6%. 

4.  Reg  eolle 

These  are  silt>loam  to  clay-loam  gravelly  soils.  In  young  —  Holocene  —  Reg  soils  the 
flne  earth  is  composed  mostly  (75-90%)  of  fractions  coarser  than  0.018mm;  The  dust  frac¬ 
tions  is  usually  IS- 40%.  Older  Reg  soils,  in  areas  where  there  is  no  appreciable  contribu¬ 
tion  of  eolian  sand,  are  rather  flne  textured;  silt  —  30-80%  and  clay  —  11-25%.  80-85% 
sand  in  the  soil  is  frequently  encountered  in  areas  adjacent  to  sandy  terrains.  The  ratio  of 
clay/eilt  it  usually  0-0.4. 

5.  Qammada  soils 

These  are  silt-loam  to  sandy-loam  gravelly  soils.  The  ratio  between  coarse  silt  and 
fine  lilt-fclay  decreases  with  depth.  Dust  content  in  the  fine  earth  it  40-60%  and  the 
clay/silt  ratio  ranges  between  0. 1-0.6. 

6.  Llthosole  sind  Serose  n  soils 

Both  soil  types  are  very  diversified  in  nature.  Dust  content  in  the  fine  earth  is  usually 
90-80%;  most  of  the  remainder  is  fine  sand. 

No  good  correlation  was  found  between  the  content  of  silt  and  clay  (chapter  C.l).  The 
must  variable  cUy/silt  ratios  in  different  dust  storms  and  rainfall  events,  as  well  as  the 
high  variability  in  wetting  events  and  the  properties  of  the  parent  material  are  the  main 
causes  for  such  a  situation. 

The  eonnpositlon  and  content  of  salts  varies  in  the  different  soils.  They  are  calcic 
in  the  moderately  arid  and  semi-arid  environments  and  gypsic-salic  in  the  desert  terrains. 
Following  is  a  brief  summary  of  the  composition  and  content  of  salts  in  the  soils  of  the 
Negev  and  the  Sinai  (further  details  and  analysis  are  presented  in  chapter  C.3  and  table 
E.2.1): 

1.  The  least  saline  are  the  loesslal  soils  —  <0.1-0.7%  gypsum.  The  salts  are  usually 
concentrated  at  depth  <30  cm. 

2.  Takyr  soils  are  saline  —  0.3-2%  salts  and  8-10%  gypsum.  In  basins  which  are  not 
completely  closed  the  soils  are  definitely  less  saline  —  0.1-0.2%  salts  and  gypsum. 

3.  Solonehak  soils  are  highly  saline,  especially  in  the  inner  playa  lones;  2-10%  gyp¬ 
sum  and  0.5-8%  salts  are  frequently  encountered,  but  higher  degree  of  salinity  values  were 
observed  in  many  instances. 

4.  Reg  soils  are  also  saline.  In  Holocene  Reg  soils  there  is  <10%  gypsum  and  <2% 
salts.  The  higher  values  are  encountered  in  the  C  horison.  In  older  Reg  soils  there  is  a  high 
concentration  of  gypsum  — <20%.  Salt  content  is  usually  <2%,  but  often  there  is  a  petrosalic 
horiion  at  depth  of  0.80-1.5  m  below  the  surface.  Bsromadn  soils  are  similar  in  salinity  to 
Reg  soils. 
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6.  LUhoaola  and  Saraiam  aolla  are  ntnally  tallna  —  0.1-15%  gjptum  and  0.1-1%  lalti. 

6.  Tha  gxpaumiaalta  ratio  it  uiually  ibt  highait  in  Rc|  toilt  —  <10.  In  Takyr  and 
Solonchaek  toilt  the  ratio  rangat  between  1:1  and  4:1.  There  it  tome  leaching  and  wath  of  talte 
in  grarelly  toilt  whereat  mott  of  the  gyptum  it  precipitated  and  it  not  leached  away. 

There  it  no  correlation  between  the  amountt  of  gyptum  and  other  laltt  or  between  talinity 
and  duet  content.  The  evolution  of  toilt  under  extremely  variable  conditiont  it  a  major  reason 
for  thit  aituation  (tee  chapter  C.3). 

The  mlneralogleal  compotltlon  of  the  particulate  non>taline  componenit  of  the  dutt 
fraction  it  determined  by  the  petrogra(diic  competition  of  the  parent  materialt  in  the  source 
areat.  Much  of  the  dutt  it  of  mixed  tourcet  and  hat  undergone  several  or  many  eyelet  of  weath¬ 
ering,  mobilitatinn,  transport  and  deposition.  Hence,  in  many  areas  there  it  only  a  partial 
effect  of  the  comcotition  of  the  local  bedrock  on  the  composition  of  duet.  Mott  of  the  tilt  in 
the  Negev  and  the  Sinai  it  composed  of  quarts,  calcite,  feldspar  and  dolomite.  The  clay  frac¬ 
tion  it  dominated  by  montmorillonite,  with  secondary  amounts  of  kaolinite,  illite  and  quarts 
(tee  chapter  C.2).  Similar  composition  prevails  over  much  of  the  Middle  East  —  a  region  large¬ 
ly  effected  by  Saharan  dutt  (tee  part  B). 

The  effect  of  the  local  regional  lithology  it  demonstrated  by  an  area  on  the  southern  Rio 
Grande  Rift  (*The  Desert  Project*  area;  Gile  et  al.,  1981)  in  touthern  New  Mexico.  There,  in  a 
region  of  wide  exposures  of  acidic  igneout  rocks,  there  is  a  predominance  of  quarts,  feldspar 
and  mica  in  the  fine  sand  and  tilt  fraction.  Montmorillonite  and  kaolinite  art  abundant  in  the 
clay  fraction. 

Only  limited  exposures  show  a  definite  compositional  evidence  of  past  environments,  dif¬ 
ferent  from  the  present;  for  example,  fossil  kaolinitic  Terra  Rotta  it  found  in  certain  areat  of 
the  arid  central  Negev  (see  chapter  R.t  for  elaboration). 


The  Amounts  Of  Dust  In  Desert  Soils  And  Deposits 

The  environmental  factors  that  determine  the  amountt  and  nature  of  the  dutt  in  desert 
toils  and  deposits  are  described  in  detaile  in  chapter  E.l.  Generally  they  are;  1.  The  nature  and 
proximity  of  the  source  areat;  2.  Climate;  3.  Location;  4.  Topography;  5.  Aspect;  6.  Surface 
roughnett;  7.  Vegetation;  8.  Hydraulic  characteristics  of  the  material  near  the  surface. 
According  to  the  amounts  of  dutt  imported  into  an  area,  the  quantities  of  settling  dutt  and 
turficial  properties,  one  may  grade  the  general  terrain  types  and  the  toils  with  respect  to  their 
dutt  content,  from  the  richest  to  the  poorest; 

1.  Lossslal  terrains  —  composed  mostly  of  eolian  and  reworked  silt,  clay  and  fine  tand. 
Such  terrains  are  rich  in  dutt  due  to  a  combination  of  their  location  with  respect  to  the  sources 
of  dust,  the  atmospheric  circulation  and  the  climate  —  moderately  arid  to  semi-arid  —  that 
lead  to  a  high  rate  of  dust  settlement  and  a  mott  efficient  dust-trapping  vegetation.  Thick  man¬ 
tlet  of  dust-rich  deposits  are  typical  to  these  terrains. 

2.  PInya  centers  —  areas  where  dust-sited  materials  accumulate  through  fluvial  wash, 
differential  transport  and  sorting.  Takyr  soils,  which  are  composed  mostly  of  silt  and  clay 
are  derived  from  these  deposits;  eolian  dust  it  added  to  the  surface  especially  during  periods  of 
episodic  ponding  or  wetting. 
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3.  Gr*v«ll]r  tarraln*  Mrvt  m  «ffici«nt  trftp*  for  du*t  da*  to  ih«ir  kigh  larfkial  roagkne* 

and  pomlty.  Hag  aolla  art  lolU  vitk  Tatlakla  amonnta  of  duat;  tka  moat  daaalopad  ara  aoila 
on  PUlitoeene  coarta-alluria]  lurfacaa  .  Tkeia  uiuall/  includa  rather  tkick  (S-SOcm)  gravel 
free  horiiont.  The  C  horiion  U  a  grare!-rich  lajer  with  vartable  amounta  of  duat-aiaed 

fractiona.  Old  flamraada  aolla  are  of  aimllar  nature.  In  certain  caaea  the  rate  of  duat  accu¬ 
mulation  majr  be  eapecialljr  high.  An  example  ia  the  {lammada  aoila  on  highly  poroua  lava 
flowa  in  the  Cima  Volcanic  Field  in  the  aouthern  Mojave  Dcaert,  located  downwind  of  extenaive 
duat-producing  playa  aurfacea.  More  than  1  m  of  a  gravel-free  B  horiion  haa  been  developed 
during  a  period  of  leaa  than  20,000  yeara  (V\^lti  et  al.,  1084). 

4.  Stable  aandy  terralna  ate  good  trapa  for  aettling  duct.  Sandy-loam  and  loam  texture 
develop  on  auch  aurfacea. 

8.  Other  terrain  typea,  auch  aa  killclopea  with  Lithoaola  on  them,  carry  varying 
amounta  of  duat. 

Table  E.2.1  and  figurea  Cl. 18  and  C.1.17  ahould  be  conaultcd  for  further  information. 


The  Thickneea  Of  The  Duat-Rlch  Surfletal  Mantle 

Since  moat  of  the  duat  in  deaert  aoila  and  aurficial  depoaita  waa  derived  from  the  atmo- 
aphere,  and  waa  emplaced  by  pedogenic  proceaaca,  there  ia  a  general  tendency  of  high  duat  con- 
cerilration  to  be  near  the  aurface  and  a  lowering  of  the  duat  content  with  depth.  However,  there 
are  terralna  in  which  the  accumulation  of  dust  ia  continuoua  and  the  thiclcneaa  of  the  duit-rich 
layer  ia  considerable.  Such  are  the  cases  of  loeaaial  terralna  and  Takyr  aolla,  which  may 
reach  thickness  of  many  roetera  of  continuoua  ailt  and  clay  depoaita  and  paleoaola.  In  aand 
dune  terralna  there  is  sometimes  a  situation  in  which  colian  sand  and  duat  are  added  in  low 
ratea  to  a  atablliied  aand  aurface.  The  result  ia  usually  a  thick  layer  of  sandy-loam  or  loam.  In 
Solonchak  aolla,  being  soils  of  poor  pedogenic  development  in  playaa  and  aabkhaa,  there  ia 
also  a  significant  element  of  accumulation.  Under  the  rather  shallow  soils  that  are  often  en¬ 
countered,  similar  auch  paleoaola  may  be  buried.  The  thickness  data  that  are  presented  in 
column  4-5  of  table  E.2.1  for  the  above  mentioned  soils  represent  only  the  characteristic  soil 
profile  exposed  at  the  surface  in  the  Negev  and  the  Sinai.  Buried  deposits  and  paleosols  of 
similar  nature  should  be  considered. 

Soils  and  deposits  of  non-cumulic  nature  present  thickness  according  to  their  environmen¬ 
tal  conditions,  such  as  climate  —  past  and  present,  parent  material,  location  and  topography. 
As  a  general  rule,  the  more  arid  the  environment,  the  more  shallow  is  the  soil.  In  sites  under 
extremly  arid  climates  and/or  of  flat  topography  or  in  the  upper  parte  of  hilltlopes,  there  is  e 
low  concentration  of  water  aud  the  penetration  of  dust  and  salts  is  rather  shallow.  Holocene 
Reg  eolla  and  young  Hammada  aoila  in  the  Negev  and  the  Sinai  are  rather  shallow  — 
<S0cm  —  lince  they  have  developed  under  arid  to  extremely  arid  conditions  on  flat  to  gently 
sloping  geomorphic  surfaces.  Old  (lat,:i  moat  Tertiary  to  late  Plelatoeene)  gravelly  aoils 
on  such  surfaces  are  thicker  and  often  attain  depths  of  140cm.  Such  soils  have  been  during  a 
part  of  their  evolution  under  a  moderately  arid  or  a  slightly  wetter  climate;  the  penetration  of 
water,  duet  and  salts  has  been  deeper.  Colluvial  aolla  on  foot-alopea  and  toealopea  may 
also  be  thicker  than  the  soils  on  the  upper  parts  of  the  hillslopes,  due  to  both  cumulie  nature 
and  the  concentration  of  water  from  the  backslope  areas  (Dan,  1966;  Arii,  1981). 
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On  Th«  VnMabtlltjr  In  Tha  Amount*  And  Compoaltion  Of  Duat  la  Dsaert  Solla 


The  data  in  Table  E.2.1  preient  a  rather  high  d«gr**  of  rariahilitjr  in  dait  and  lalti  con¬ 
tent,  compoeition  and  thiekneaa.  The  variabilitjr  ie  reflected  in  four  leTcIi;  (a)  Between  toil 
type*,  (b)  Wtltini  a  given  toil  type,  (c)  Between  eoit  horiione  in  a  given  eoil  type,  (d)  In  any 
particular  loil  horiion  in  a  given  toil  type. 

Several  topics  are  of  interest  in  this  respect;  (a}  The  thickness  of  the  toil  profiles  and  toil 
horiions.  (b)  The  proportion  between  gravel  and  fine  earth  materials  (sand,  silt  and  clay),  (c) 
The  content  of  dust  (silt  and  clay)  within  the  fine  earth,  (d)  The  content,  composition  and 
distribution  of  salt  and  gypsum  in  the  soil. 

There  are  many  factors  which  cause  the  observed  degrees  of  variability  in  the  soil  charac¬ 
teristics.  These  factors  are  discussed  below;  they  have  to  be  evaluated  in  conjunction  with  the 
data  of  Table  B.2.1  (see  elaboration  in  chapter  E.l): 

(a)  Local  parent  material  strongly  atfects  soil  nature  in  deserts.  Two  main  soil  groups 
may  be  defined:  (I)  Gravelly  soils  which  develop  in-situ  within  weathered  bard  rocks  (Hamma- 
da  soils)  and  coarse  gravelly  deposits  (Reg  soils).  (3)  Non-gravelly  soils  which  develop  on  fine 
grained  deposits  (loessial  soils,  Takyr  soils,  sandy  soils)  and  fine  grained  friable  rocks 
(Lithosols).  Porosity,  permeability  and  trap  efficiency  are  greatly  affected  by  the  texture  and 
structure  of  the  parent  material. 

(b)  Introduction  of  added  —  secondary  —  materlalsi  duat,  sand  and  salt*. 
Addition  of  autigenic  materials  into  receptive  patent  materials  ur  a  trapping  surface  is  dom¬ 
inant  in  the  evolution  of  desert  soil;.  Three  aspects  are  significant  in  causing  a  high  degree  of 
variability  in  the  nature  of  desert  soils;  (1)  The  composition  of  the  introduced  materials.  One 
example  is  the  change  in  the  texture  of  loessial  soils  —  sandy  proximal  to  the  provenance  of 
sand  (as  in  the  westrern  Negev;  g  in  fig  C.l.lA)  and  loamy,  silty  or  clayey  distal  (and 
downwind)  to  sources  of  sand  (c,  d  in  fig.  C.l.lA).  (2)  Mode  and  rate  of  introduction.  This  is 
affected  by  the  porosity  and  permeability  of  the  receptive  parent  materials  and  by  the  method 
of  introduction  —  wet  (by  rain  or  wash)  or  dry  (from  windbotne  dust).  The  amounts  and  com¬ 
position  of  the  introduced  materials  vary  greatly  due  to  changes  in  the  proportional  activity 
of  different  processes.  Widely  open  textured  sieve  deposits  absorb  dust  in  dry  and  wet  modes  to 
great  depths,  whereas  coarse  alluvium  with  sand  is  less  penetrable.  Dust  accretion  in  gravelly 
environments  in  deserts  is  usually  subsurface,  whereas  high  rates  of  surfleial  accumulation  are 
typical  to  loessial  terrains  in  less  arid  environments  and  playa  surfaces. 

(e)  The  effects  of  location  and  topography.  As  in  parent  material,  local  changes  in 
microtopography  are  most  frequent  in  desert  terrains.  Their  effects  on  the  local  hydrologic  re¬ 
gime  and  trap  efficiency  for  dust  and  salts  are  pronounced.  They  lead  to  high  variability  in 
dust  and  salt  content  and  composition.  One  example  of  the  variation  it  the  dust  content  and 
salinity  of  Reg  soils  developed  on  coarse  gravelly  bars  versus  finer  grained  swales.  The  effects 
of  such  initial  local  features  are  observed  in  toils  several  10^  to  few  10^  years  of  age. 

The  effects  of  the  aspect  are  readily  observed  in  tome  soil  types.  Among  those  are  the 
loessial  toils,  Seioiem  soils  and  Lithosols.  The  variation  between  differently  exposed  soils  is 
expressed  in  toil  depth,  thickness  of  soil  horisont,  particle  tise  distribution  and  salinity.  An 
example  is  the  thin  loessial  Serosem  toils  on  south-facing  hilltlopes  versus  thicker,  lets  saline 
loessial  toils  on  north-facing  hilltlopes  in  the  northern  Negev;  the  difference  dep  nds  on  both 
moisture  regimes  and  vegetative  cover  on  the  respective  hillslopes. 
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Some  lyttematie  vftrUticii*  in  ioil  proportici  are  foand  on  certain  landforms;  lonation 
and  catenary  changee  are  obierred.  Fbr  example,  there  it  a  lystematie  rariation  in  salinity  in 
Reg  eoilf  on  talus  slopes  from  the  upper  to  the  lower  slope  components  (table  C.3.1).  In  playai 
there  is  a  definite  sonation  with  nspect  to  particle  sise  and  salinity  from  the  margins  towards 
the  center  (plate  3B;  figures  C.1.3,  C.3.3). 

A  major  factor  may  be  the  proximity  of  a  site  to  a  certain  source  area  for  introduced  ma¬ 
terials  -  sand  fields,  sandstones,  salt  flats,  etc. 

(d)  Climatic  roglmea  and  their  changes.  The  aflTect  of  climate  on  the  soil  and  deposits 
in  the  aridic  environment  is  illustrated  by  the  proportion  of  dust  and  coarser  materials  in  the 
soils  in  the  Negev  (fig.  C.1.1A,B).  Loessial  soils  in  the  semi-arid  northern  Negev;  Jiammada 
and  Reg  soils  in  the  arid  -  extremely  arid  central  and  southern  Negev.  The  pn^ortion  between 
dust  and  gravel  generally  changes  from  the  less  arid  northern  Negev  to  the  extremely  arid 
southern  Negev  and  eastern  Sinai. 

Climate  is  well  expressed  in  soil  salinity.  An  example  is  the  degree  of  salinity  and  its 
distribution  in  loessial  soils  of  the  Negev  (fig.  C.3.1,2):  the  more  arid  the  climate,  the  higher 
the  salinity  and  shallower  is  the  saline  horiion. 

Most  Holocene  and  older  soils  have  developed  under  an  ever-changing  climate;  they  are  po- 
lygenetic  in  nature.  Paleosols  and  paleosolic  horisons  are  widespirad  and  are  certainly  a  ma¬ 
jor  source  of  soil  variability.  The  loessial  soils  of  the  northwests,  n  Negev  exhibit  a  sequence 
of  paleosols  in  their  cummulative  section.  Pig.  C.1.15  illustrates  the  effects  of  fluctuating  cli¬ 
mate  while  loess  was  accumulating.  The  different  climatic  regimes  are  reflected  by  the  change 
in  soil  texture  as  well  as  by  the  CaCOj  content. 

Most  Reg  soils  on  Pleistocene  alluvial  surfaces  are  relict  paleosols,  developed  under  fluc¬ 
tuating  climatic  regimes.  Many  of  these  soils  have  undergone  environmental  changes  which 
include  climates  wetter  than  at  present.  The  effects  of  these  wetter  regimes  is  expressed  in  both 
the  thickness  of  the  soil  profiles  (<1.4  m)  and  the  relative  abundance  of  fines. 

(c)  Age  —  the  effect  of  time.  The  rate  of  evolution  of  some  soil  properties  changes  and 
usually  decreases  with  time  (Ysalon,  1071;  Birkeland,  1074).  Among  the  properties  here  exam¬ 
ined  are  relative  amounts  of  dust  and  salts  in  the  fine  earth  fractions  of  the  soil.  Figures  C.1.S,8 
and  C.3.0  illustrate  several  general  trends  for  the  example  of  Reg  toils;  (1)  There  is  a  general 
decrease  in  the  percent  of  dust  after  several  10^  years.  (2)  There  is  a  very  high  variability  in  the 
content  of  dust  in  soil  on  any  given  pedomorphic  surface.  (3)  There  is  a  general  increase  in  the 
rate  after  several  10^  years.  (4)  There  it  a  very  high  variability  in  the  content  of  salts  in  the 
soil  on  any  pedumorphic  surface. 
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Rate!  or  Dust  Aeeretlon  In  Dnaarts  —  TK«  Cue  Study  Of  The  Nefer 


The  retet  of  duet  aceretion  in  deeert  termini  it  moit  rnriahle.  Then  ratei  depend  on 
sevcrtl  fnctori: 

1.  The  flux  rate  of  airborne  dnit  into  the  area  under  coniideration.  The  flux  rate  it  related 
to  the  type,  proximity  and  direction  of  the  lource  ateai,  at  well  ai  to  the  atmoipheric  circula¬ 
tion  and  wind  ipeed  and  direction. 

2.  The  nature  of  the  airborne  duit  —  particle  tiie,  compoiition  and  hygroicopy. 

3.  Climate  —  the  regime  of  precipitation,  air  temperatorc,  air  humidity  and  windi. 

4.  The  relief,  gradient  and  aepect  of  the  terrain. 

5.  The  rcughneai  of  the  lurface,  whi.  effect!  duet  eettlement  by  determining  boundary 
wind  Telocity  (Gillette,  1981),  rate  of  runoff  and  ilopewath  and  aurficial  trapping  of  duit. 

8.  The  hydraulic  cbaracteriitice  of  the  enrflcial  material  —  potoiity,  pore  liie,  pore  rcla- 
tionahipe  and  permeability.  FIutUI  graTcl  and  aiere  depoiiti  are  example  of  highly  poroue  and 
permeable  materiali. 

The  quantitative  nature  of  tome  of  theae  factor!  it  not  yet  recogniaed  and  the  effect!  of 
their  eombinationa  and  interrelationihipa  ate  not  known.  However,  we  have  attempted  to  eiti- 
mate  the  long  term  amounta  of  dnat  trapped  at  or  near  the  enrface  and  calculate  the  ratea  of 
dust  accretion  for  two  typee  of  environmenta  —  desert  aoila  and  archeological  aitea. 

Dust  accretion  is  dependent  on  trap  efilcteney.  Trap  efl9ciency  ii  defined  here  aa  the  ratio 
bctivecn  the  flux  rate  of  settling  duat  and  the  rate  of  duet  accretion.  The  latter  la  defined  aa  the 
lot.g-term  rate  of  depoeition  of  duet  at  a  particular  aite.  Some  aitea  have  amooth  lurfacea  as 
well  as  low  porosity  and  permeability;  their  trap  efficiency  is  rather  low.  Other  aitea  may  have 
rough  aurfaeea,  low  gradients  or  high  porosity;  their  trap  eflSciency  is  high.  There  are  terrains, 
such  as  loessisi  plains,  in  which  duat  ii  depoiited  mainly  at  the  aurfaee.  Other  terrains  are 
characteriied  mostly  by  subaurface  accretion;  duat  penetrates  and  builds  subsurface  cumulic 
horisons.  Reg  and  liammada  aoila  are  examplea  of  this  latter  type. 

In  some  cases  there  is  a  decrease  of  trap  efficiency  with  time.  Several  factors  lead  to  luch  a 

dcvo-Iopment: 

1.  A  decrease  of  aurficial  roughness,  which  Isada  to  a  significant  reduction  of  dust  aettle- 
ment  and  accretion.  Suifieial  roughneat  may  decreaie  through  the  deterioration  of  the  vegeta¬ 
tion  (due  to  desertification),  by  filling  of  depreaaioni  by  dust  or  by  mechanical  weathering  of 
coarse  gravel  and  smoothing  of  the  aurfaee  into  a  desert  pavement.  The  formation  of  smooth 
crusts  is  characteristic  to  several  types  of  desert  surfaces  (see  chapter  C.4).  Leaser  amounts  of 
dust  are  being  added  to  smoother  aurfaeea. 

2.  The  accretion  of  duat  and  aalti  in  shallow  subaurface  layers,  aa  in  the  caae  of  Reg  soils, 
leads  to  decreasing  penetration  of  dual  and  increasing  runoff  and  aurficial  wash.  Well 
developed  Reg  aoila,  with  a  smooth  deiert  pavement  —  gravel  with  Interatltial  loesa  crust  — 
overlying  an  argilllc  gravel-free  B  horison,  induce  high  runoff  yield  and  wash,  aa  compared  to 
lesa  developed  auch  aoila  (Grlnbaum,  in  prep.) 

The  moat  rapid  accretion,  then,  occura  on  aurfaeea  of  high  loughntia  and  porosity,  auch  as 
vegetated  loeaaial  terrains  or  young  gravelly  depoaiti.  Moat  of  the  soils  and  the  depoaits 
described  In  the  present  study  are  of  unknown  age.  However,  several  tans  of  the  studied 
pedomurphic  aurfaeea  are  dated  or  their  age  la  eitlmated  by  archeologic  finds  or  relative-age 


dating  methodi  (Amlt  £  Gersoo,  1985).  Some  eurfacee  or  toil*  were  dated  radiometricallf.  The 
amount!  of  allochtonoui  duet  and  the  age  of  the  eoil  or  the  depotit  enable  ne  to  preeent  thr 
rate!  of  duet  aceiwtlon  In  aome  aolle  In  the  Nagev: 

1.  Rag  solla  on  aarly  to  middle  Holoeana  alluvial  aurfacaa  contain  10-20%  of  added 
airborne  duet  (eee  chapter  C.l).  Such  a  content  impliee  average  rate  of  accretion  of  5-15 
gr/m’/jr,  or  O.OOS-O.Olmm/yr  of  duit.  Ai  emfdiaeiied  above  (and  in  chapter  C.l)  the  rate  of 
duet  penetration  deereaeee  with  time.  Thie  ie  manifeited  even  during  period*  of  510*  year! 
(Amit  &  Ger!on,1985).  Duet  accretion  during  the  first  period  of  eeveral  10’  yeare  may  be  in  the 
order  of  0.5  mm/yr. 

2.  Rag  aoils  on  alluvial  aurfacea  of  late  Plelatoeene  and  late  middle  Plelatoeene 
age  contain  variable  amount!  of  duet,  moet  of  which  ie  allochtonoae.  The  content  of  added 
duet  ie  20-40%.  Adopting  an  age  cetimate  of  50-200 10’  yeare  for  thoee  eoile  yielde  an  average 
of  duet  accretion  of  1.5-15gr/mV7ti  or  0.001-0.01  mm/yr.  Again,  much  of  duet  was  added  to 
the  eoil  in  early  etagee  of  evolution,  to  that  the  actual  ratea  may  have  been  much  higher. 

3.  Stabllleed  aand  dunea,  originally  devoid  of  eilt  and  clay,  have  trapped  tome  5-10%  of 
duet  to  a  depth  of  30-60cm  during  the  laet  eeveral  10’  yeare,  an  average  rate  of  0.001  mm/yr. 

4.  Thick  mantlet  of  loeea  and  loeeatal  aolla  have  developed  in  the  northern  and 
northweetern  Negev  during  the  middle  and  late  Quaternary.  There  are  three  area!  for  which 
there  ie  tome  information  on  the  cetimate  of  the  rate  of  loeee  depoeition:  a.  Netivot,  which 
represents  a  vest  area  of  the  northweetern  Negev  .  Data  on  loeee  thiekneee  and  age  by  Bruint 
(1976)  yield  average  rates  of  O.lmm/yr  or  160gr/m’/yr  of  duet  accretion,  b.  In  the  Ramat 
Hovav  area,  tome  IS  km  south  of  Be'er  Sheva  ,  there  are  eolian  loettial  depoeite  that  have  accu¬ 
mulated  at  average  rates  of  O.lmm/yr  (or  150gr/m^/yr;  Entel,  1983)  —  similar  to  the  rates 
calculated  for  the  Netivot  section  (a,  above).  In  these  loceeial  terrains  one  observes  eeveral  cal¬ 
cic  horieone  and  changes  in  clay  content,  which  may  point  at  significant  fluctuation  in  the  rate 
of  dust  accretion  during  the  late  Quaternary.  Climatic  chang '  e  ate  also  implied  (tee  chapter 
E.l:  On  the  Inpact  of  Climatic  Fluctuations  on  Aridic  Soils),  c.  More  difficult  it  the  evaluation 
of  the  average  rates  of  duet  deposition  in  tome  closed  or  *semi-cloted”  basins  in  the  Negev  ,  in 
which  the  loess  was  deposited  by  both  Buvial  and  eolian  sgents.  The  dating  of  the  deposits  is 
also  controvertial.  One  example  it  the  basin  of  Sde  Zin,  in  the  northern  central  Negev.  There, 
5-10  m  of  Buviatile  loess  and  loettial  paleotols  have  accumulated  during  an  estimated  duration 
of  several  10’’  years.  Average  net  rates  of  loess  deposition  is  estimated  at  0.01-0.02mm/yr  (or 
15-30  gr/mVyt).  It  it  possible  that  much  of  the  section  has  been  removed  by  erosion  and  defla¬ 
tion,  especially  during  periods  of  arid  climatic  regimes. 

The  highest  rates  of  dust  depostion  were  calculated  for  archeological  altce  In  the  Negev, 
in  which  man-made  structures  —  buildings  and  courtyards  —  serve  as  long-term  dust  traps. 
Such  features  usually  have  walls  on  all  sides  and  are  roofleti.  Originally  they  were  unroofed  or 
the  roofs  have  collapsed  a  short  time  after  abandonment.  The  walls  are  usually  l-1.6m  high. 
Most  of  the  buildings  have  a  wall  helght.'dianieter  (— horisontal  extension)  ratio  of  1:3-  b5; 
they  present  s  very  high  surficial  roughness  and  serve  at  most  efficient  eolian  dust  traps.  Wc 
have  examined  some  twenty  archeological  eites  across  the  Negev,  from  Tel  Arad  in  the 
northeast  to  Biq'at  Uvda  in  the  eouth.  The  eltei  date  from  the  5th  millenium  B.P.  (Early 
bronie  Age)  to  the  2nd  millenium  B.P.(Early  Arabic  Period).  The  buildings  in  all  these  sites 
are  usually  Blled  with  dust  and  collapse  stones  up  to  20-60  cm  below  the  top  of  the  wall  rem- 
mants  (plate  10).  The  ratio  of  duet:  stonee  ie  variable  —  Moit  of  the  buildlnge  were 
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filled  to  capacity  during  a  rather  short  period  after  abandonment,  destruction  or  unroofing.  At 
the  early  stages,  when  the  building  is  deep  (and  especially  if  it  is  narrow),  the  accretion  of  dust 
is  rapid  since  most  of  the  settling  dust  remains  in  the  building.  The  trap  efficiecy  decreases 
with  time  due  to  diminishing  roughness;  more  and  more  of  the  arriving  dust  passes  by.  An 
equation  that  may  be  applied  to  this  general  trend  should  take  into  consideration  (a)  the  initial 
depth  of  the  structure,  (b)  the  regime  of  airborne'dust  deposition  (which  includes  the  dust  flux 
and  the  wind  characteristics),  (c)  the  shortening  of  the  receptacle  walls  due  to  ongoing  col¬ 
lapse,  and  (d)  the  time  elapsing  since  the  initiation  of  fill.  Dj=D„(l-e  •■/')  is  such  an  equation, 
where  is  the  depth  of  accumulation  at  a  point  in  time  t,  D(,  is  the  initial  depth  of  the  build¬ 
ing,  t  is  the  lime  that  elapsed  since  the  beginning  of  fill  and  c  is  a  constant  depending  on  the 
regime  of  deposition.  Most  buildings  were  filled  up  during  a  period  of  1,000-2,000  years.  Dur¬ 
ing  this  period  some  20  50  cm  of  dust  have  accumulated.  The  average  rate  of  accretion  is 
0.1-0.5  mni/yr  (or  150-750  gr/m'Vyr).  Based  on  the  above  considerations  some  0. 5-2.0  mm/yr 
is  a  reasonable  estimate  for  the  early  stages  of  accretion  ,  whereas  after  1,000-1,500  years  the 
rates  of  addition  arc  very  low.  At  a  stage  when  the  walls  are  20-50  cm  above  the  surface  there 
is  usually  no  accretion  of  eolian  dust. 

Prcneiit-dfty  dust  fall  in  the  Negev  and  the  Sinai  ranges  between  100  and  200  gr/m®/yr 
(Ganor,  197.5),  or  0.06-0.t5inm/yr  (see  chapter  B.7).  These  amounts  are  within  the  range  of  dust 
accretion  c.s l^ulated  for  highly  efficient  dust  traps  of  the  past  —  late  Pleistocene  loessial  ter¬ 
rains  in  the  northwestern  Negev  and  archeological  sites.  Most  of  the  dust  that  falls  on  other 
types  of  terrains  is  not  trapped;  it  resumes  eolian  transport  or  is  washed  by  runoff.  Only  in 
cases  of  very  large  flux  rate  of  dust  onto  areas  of  cxtremly  high  porosity  there  is  a  rapid  rate  of 
subsurface  dust  accretion.  One  example  is  the  Cima  Volcanic  Field  in  the  southern  Mojave 
Desert  (Wells  ct  al.,  1984).  The  area  is  located  downwind  of  playas  and  dried  lakes  which  served 
as  major  sources  of  dust  to  adjacent  sites.  There,  thick  Hammada  soils  have  developed;  a  1.0m 
thick  gravel-free  dust  layes  underlying  a  desert  pavement,  has  developed  during  a  period  of 
16,(1-19  10’'  years,  indicating  an  average  rate  of  dust  accretion  of  92gr/m*/yf' 

Summary  —  Rates  Of  Accretion 

1.  The  rates  of  eolian  dust  accretion  in  the  semi-arid  northern  Negev  during  the  late  Quater¬ 
nary  were  similar  to  the  present-day  dustfall  in  this  area  —  0.5-0.15mm/yr. 

2.  The  accretion  of  dust  in  most  desert  gravelly  soils  is  usually  a  portion  of  the  dustfall. 
Averages  of  0.003-0.01  during  the  Holocene  and  0.001-0.01  during  the  middle  and  late 
Pleistcene  were  calculated. 

3.  Trap  efficiency  for  dust  in  gravelly  soils  decreases  rapidly  with  time,  due  to  the  sealing  ef¬ 
fect  at  the  surface  and  plugging  of  the  pores  in  the  soil  profile  by  dust. 

4.  There  arc  indicators  that  the  flux  rates  of  eolian  dust  have  fluctuated  greatly  during  the 
Quaternary:  a.  l.oessial  pa leosols  change  significantly  in  nature  in  cumulative  uninterrupted 
sections,  b.  In  many  areas  there  has  been  an  extensive  deposition  of  loess  during  the  late  Pleis¬ 
tocene  whereas  the  Holocene  (late  Holocene  1}  was  a  period  of  net  degradation,  c.  There  is 
evidence  that  at  the  thick  (>  1.0m)  Reg  soils  on  Pleistocene  alluvial  surfaces  have  developed 
during  a  rather  short  period  of  time  of  several  10'*  years.  Most  of  the  dust  and  salts  in  these 
argillic  and  saline  soils  may  have  been  added  during  periods  of  large  import  of  airborne  ma¬ 
terials. 
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PART  G.  APPENDICES 


G.l  METHODS 

Introduction 

Some  200  soil  profiles  and  depositional  sections  were  described,  sampled  and  analj^sed. 
Most  of  the  soil  profiles  and  the  depositional  sections  were  described,  sampled  and  analysed  by 
the  authors.  Some  soil  profiles,  in  the  northern  Negev,  the  Judean  Desert  and  the  Jordan  Valley 
were  treated  by  other  workers  (see  references  in  Part  F  and  table  G.3.2).  Fig.  A.l  serves  as  a 
location  map  for  the  profiles  from  which  the  various  data  were  derived. 

field  Methods 

Description  of  the  soil  profiles  and  the  depositional  sections  was  carried  out  according  to 
Dan  et  at. (1964),  Birkeland  (1974)  and  Soil  Survey  Staff  (1975).  Abbreviated  and  simplified 
descriptions  of  selected  profiles  are  presented  in  Appendix  G.2.  Most  of  the  soil  pits  were  hand- 
dug,  some  were  dug  by  back  hoe  and  other  sections  were  found  along  road  cuts  and  stream 
banks. 

Every  soil  horiion  and  layer  of  deposit  was  described.  The  content  of  the  fine  earth  and 
the  amounts  of  gravel  were  noted  in  the  field.  Samples  of  400  800  gr  were  collected  for  labora¬ 
tory  analysis. 

Laboratory  Analysis 

The  analysis  of  the  samples  was  conducted  along  two  lines: 

1.  Particle  «isc.  Dry  sieving  was  employed  for  the  separation  of  gravel  from  the  finer 
fraction  (<2mm).  Wet  sieving  was  employed  for  the  separation  of  gravel  and  dust  from  the 
sand  and  the  fractionation  of  the  latter.  The  pipette  m-.thod  was  used  for  the  silt-clay  frac¬ 
tion.  1  d  intervals  were  determined.  Calgon  (Na^O^Pj)  was  used  for  dispersion. 

3.  Salinity  and  salt  composition.  Electrical  conductivity  was  carried  out  on  water  ex¬ 
tract  of  the  1:1  soibwater  samples  of  the  fine  earth  fraction.  The  content  of  gypsum  was  deter¬ 
mined  using  Sclileiff's  (1979)  melhod.s,  using  the  change  of  electrical  conductivity  in  samples  of 
fine  earth  having  different  soibwater  ratios.  Cl  was  determined  by  a  chloridometer  and  an  ICP 
(induced  coupled  plasma)  apparatus.  The  content  of  Na"*^,  K"*,  Ca+‘*^,  and  Mg"*^"*  in  the  soluble 
salts  was  determined  by  atomic  absorption  spectrophotometry. 

Data  Organisation  and  Analysis 

The  information  on  every  sample  was  rated  according  to  the  following  groups  of  data' 

1.  Geographical  data,  such  as  coordinates,  location. 

2.  Climatic  data,  such  as  mean  annual  precipitation. 

3.  Physiographic  definition,  such  as  landform  type  and  relief. 

4.  Soil  type  and  age. 

5.  Site  fractions  —  gravel,  sand,  silt,  clay,  silt/clsy  ratio. 
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B.  Skit  content  and  ratioi:  lolubU  (aitt,  gjrpium,  aalt/gyptum  ratio. 

7.  Compoiltion  of  aolubU  lalta  —  Cl",  Na'*',  K'*',  Ca'*"*’ ,  Mg'*”*’. 

The  data  were  proceaied  and  analyted  etatietically,  employing  BMDP  and  SPSS  computer 
programs  for  documentation,  correlation  and  multivariate  examination. 


G.1  SELECTED  SOILS  AND  DEPOSITS  —  DESCRIPTIONS 


1  Lo«mI*I  Soil 

depth, cm 

Northwe«t«rn  Negev  —  Netivot 

A 

0-  so 

Silty  clay  loam;  fins  crumb  to  slightly  massive  structure; 
1%  carbonate  nodules;  yellowish  brown  lOYRS/4  dry, 
2YR4/4  dry;  gradual  and  smooth  boundary. 

AB 

so-  so 

Silt  loam;  massive  to  subangular  blocky  structure;  1%  car¬ 
bonate  nodules;  light  yellowish  brown  10YR6/4  dry,  yel¬ 
lowish  brown  10YR5/4  wet;  abrupt,  smooth  boundary 

®bo« 

68-  86 

Silty  clay;  medium  prismatic  structure;  7%  carbonate  no¬ 
dules;  dark  brown  to  brown,  7.5YR4.5/4  dry,  7.SYR4/4  wet; 
gradual  and  wavy  boundary. 

®bc« 

66-100 

Silty  clay;  prismatic  to  brittle  angular  blocky  structure; 
5-20%  carbonate  nodules;  brown  7.5YR5/4  dry,  brown  to 
dark  brown  7.SYR4/4  wet;  gradual  and  wavy  boundary. 

2  Loeaila 

ISoIl 
depth, cm 

Western  Negev 

A 

0-  40 

Fine  loamy  sand;  massive  structure;  friable;  light  yellowish 
brown  10YR8/4  dry,  dark  yellowish  brown  10YR4/4  wet; 
gradual  boundary. 

B 

40-  77 

Fine  loamy  sand  to  loam;  some  carbonate  mycelit;  fine 
subangular  blocky  structure;  friable  to  hard;  light  yellow¬ 
ish  brown  10YR6/4  dry,  yellowish  brown  10YR5/4  wet;  gra¬ 
dual  boundary. 

B 

77-112 

Similar  to  above  layer;  masive  to  unstable  subangular 
structure;  gradual  boundary. 

Bn 

113-lSO 

Similar  to  above  layer;  loam  with  some  carbonate  concre¬ 
tions;  abrupt  boundary. 

Bb 

ISO- 166 

Silt  loam  to  silty  clay  loam;  some  carbonate  concretions 
(5%)  I  cm  in  diameter;  medium  subangular  blocky  struc¬ 
ture;  hard;  yellowish  brown  10YR5/4  dry,  dark  yellowish 
brown  IOYR4/4  wet;  gradual  boundary. 

Bn 

168-180 

Loam;  some  csrbonste  concretions  1  cm  in  diameter; 
massive  structure;  hard;  yellowish  brown  10YR5/4  dry, 
dark  yellowish  brown  10YR4/4  wet;  abrupt  boundary. 

Bn 

180-210 

Loam  to  sandy  clay  loam;  hard  and  soft  carbonate  concrc- 

tioni  (-25%)  5-10  cm  in  dismeter;  massive  structure;  hard; 
some  -oots;  light  yellowish  brown  10YR8/4  dry,  dark  yel¬ 
lowish  brown  IOYR4/4  wet. 


WeBterij  Negev 


8  Loessliil  Soil 

depth, cm 

A,  0-28 

A,  28-  70 

C,  70-  07 

C,  07-144 

C,  144-lflO 

C,  180-200 


Sandy  loam;  ina8!iive  structure;  crunil)y;  yellowish  brown 
tOYFi5/4  dry,  dark  ytdiowiah  brown  lOYR'l/4  wet;  gradual 
boundary. 

Sandy  loam;  light  yellowish  brown  10YR6/4  dry,  yellowish 
brown  10YR5/4  wet;  gradual  boundary. 

Sandy  loam;  some  carbonate  concretions;  yellowish  brown 
IOYR5/5  wet;  gradual  boundary. 

Sandy  loam  to  loamy  sand;  carbonate  concretions  (-2%); 
hard;  abrupt  boundary. 

Loamy  sand;  more  carbonate  concretions  (-5%);  abrupt 
boundary. 

Sandy  loam  to  loamy  sand;  carbonate  concretions  [-1%)  ■ 


4  nrown  liOeaslal  Soil 
depth,cm 

AO  -  20  Slit 

A  20  62 

n,„  52-98 

C,  98-120 

C,  120-160* 


Western  Negev 


loam;  granular  blocky  to  subangular  blocky  structure; 
hard;  hard;  light  yellowish  brown  to  yellowish  brown 
10YR5.5/4  dry,  dark  yellowish  brown  10YR4/4  wot; 
gradual  boundary. 

Loam  —  similar  to  above  layer;  massive  to  subangular 
blocky  structure;  hard;  abrupt  boundary. 

Fine  loamy  sand;  soft  carbonate  concretions  0.5-lcm  in  di¬ 
ameter;  thin  medium  subangular  blocky  structure;  light 
yellowish  brown  lOYRB/4  dry,  yellowish  brown  10YR5/1 
wet;  gradual  boundary. 

Similar  to  above  Layer;  le:-s  [5%)  carbonate  concretions; 
massive  to  subangular  blocky  structure;  gradual  boundary. 

Similar  to  above  layer  with  few  carbf>natc  concretions. 


r>  Drown  [.ocHslal  Soil 
depth, cm 

A  9-  42 


42-  78 


Western  Negev 


Silt  loam;  massive  structure;  contains  carbonate;  pale 
brown  10YR6/3  dry,  yellowish  brown  10YR5/1  wet;  clear 
abrupt  boundary. 

Silt  loam;  many  (20%)  carbonate  concretions;  thin  medium 
subangular  blocky  structure;  hard;  light  yellowish  brown 
10YR6/4  dry,  yellowish  brown  10YR5/4  wet;  gr.adual  boun¬ 
dary. 


G4 


C, 

78-101 

Similar  to  above  layer;  about  5%  carbonate  concretions; 
gradual  boundary. 

101-180 

Loam;  10-15%  carbonate  concretions;  prismatic  crumb 
atructure;  hard;  OYRS/S  dry,  dark  yellowish  brown 
10YR4/4  wet. 

6  Brown  Loeaalal  Soil 

depth, cm 

Western  Negev 

A 

0-  44 

Loam;  maasive  atructure,  not  sticky;  hard;  yellowish  brown 
10YR5/4  dry,  dark  yellowish  brown  10YR4/4  wet;  gradual 
boundary. 

B, 

44-  87 

Similar  to  ..bove  layer;  weak  aubangular  blocky  structure; 
about  5%  aoft  carbonate  concretions  O.S-lcm  in  diameter; 
gradual  boundary. 

B,c. 

67-  88 

Loam  to  clay  loam;  10%  -  15%  aoft  carbonate  concretions 

O.S-lcm  in  diameter;  hard;  yellowieh  brown  lOYRS/4  dry, 
dark  yellowitk  brown  10YR4/4  wet;  gradual  boundary. 


BC  8S-118  Silt  loam;  S%  aoft  carbonate  concretiona  0.5-lcm  in  diame* 

ter;  thin  medium  aubangular  blocky  structure;  light  yel¬ 
lowish  brown  10YR6/4  dry,  yellowish  brown  to  dark  yel¬ 
lowish  brown  10YR4.5/4  wet;  gradual  boundary, 

C  118-160  Similar  to  above  layer;  fine  loamy  sand;  2%  carbonate  con¬ 

cretions;  massive  structure. 

r  Light  Drown  Loealal  Soil  Western  Negev 

depth, cm 

A  0-  28  Loamy  sand;  massive  to  loose;  some  hard  carbonate  no¬ 

dules;  light  yellowish  brown  10YR6/4  dry,  dark  yellowish 
brown  10YR4/4  wet;  abrupt  boundary. 

Uj,,,  28-  46  Loamy  sand;  petrocalcic  horiion  (7095);  massive  structure; 

hard;  pink  7.5YR7/4  dry,  strong  brown  7.6YR5/#  wet; 
gradual  boundary. 

By,.,  46-  86  Similar  to  above  layer  without  petrocalcic  horiion;  hard 

carbonate  nodules  (-40%);  hard;  gradual  boundary. 

BC  46-  eo  Sandy  loam;  hard  carbonate  nodules  (-5%);  massive  struc¬ 

ture;  hard;  light  brown  7.5YR6/4  dry,  strong  brown 
7.5YR6/C  wet;  gradual  boundary. 

C,  SO-130  Sand  to  sandy  loam;  hard  carbonate  nodules  (1-3%);  light 

brown  7.6YRS/4  dry,  strong  brown  7.5YR5/6  wet;  gradual 
boundary. 

Cy  lSO-300  Sand;  loose;  pink  7.6YR7/4  dry,  strong  brown  7.6YR6/S 

wet. 


U6 


Waatero  Nagav 


t  Light  Brown  Loaaalnl  Soli 


dapth,cm 

A  0-  ao 

B,„  so-  so 

B,„  80-118 

C  118-aia 


Losbt  land;  hard;  rtrj  pale  brown  10YR7/3  drjTi  jellowiih 
brown  10YR5/5  wet;  gradual  boundary. 

Loamjr  tand;  carbonate  nodulei  (5-10%)  lome  hard;  hard; 
light  pellowith  brown  10YR8/4  dry,  yellowiih  brown 
10YR6/8  wet;  gradual  boundary. 

Sandy  loaa;  carbonate  nodulet  (-20%)  ]0-20em  in  diame¬ 
ter;  friable;  wary  boundary. 

Sand;  maeiiee  strnctura;  hard  carbonate  eoneretioni 
(10-20%);  looia;  rcry  pale  brown  10YR7/4  dry,  yellowUh 
brown  10YR5/8  wet. 


«  Light  Brown  Loe.elal  Soli  Northern  Negev  —  Sde  Boic.r 

depth, cm 


A 

0-  8 

Clay  loam;  crumb  structure;  many  roots;  very  pale  brown 
10YR7/4  dry,  light  yellowish  brown  10YR6/4  wet;  gradual 
boundary. 

Br 

8-  30 

Clay;  gypsum  nodules;  hard;  very  pale  brown  10YR7/4  dry, 
light  yellowish  brown  10YR6/4  wet;  gradual  boundary. 

B,e. 

30-  40 

Clay;  gypsum  nodules  (16-20%);  hard;  very  pale  brown 
10YR7/4  dry,  light  yellowish  brown  10YR6/4  wet;  gradual 
boundary. 

40-  66 

Heavy  clay  with  gravel;  carbonate  nodules  (-35%);  hard 
bioehy  structure;  very  pale  brown  10YR7/4  dry  £  wet. 

10  Loeselal  Seroiem 

depth,em 

Western  Negev 

A 

0-  13 

Fine  loamy  sand;  contains  carbonates;  massive  structure; 
slightly  hard;  very  pale  brown  10YR7/3  dry,  light  yellowish 
brown  10YR6/4  wet;  abrupt  boundary. 

Br,. 

13-  88 

Loam;  carbonate  nodules  (-25%);  Subangular  blocky  to 
blocky  structure;  bard;  light  yellowish  brown  10YR6/4  dry, 
yellowish  brown  10YR5/8  wet;  gradual  boundary. 

B,.. 

88-  61 

Silt  loam;  carbonate  nodules  (-36%),  with  gypsum  or  salt 
vertical  mycelia;  blocky  structure;  hard;  light  yellowish 
brown  10YR8/4  dry,  yellowish  brown  lOYRS/4  wet;  gradual 
boundary. 

B„. 

61-  SI 

Similar  to  above  layer  with  many  salt  and  gypsum  mycelia; 
blocky  structure;  gradual  boundary. 

01-141 

Silt  loam  to  clay  loam;  blocky  structure;  yellowish  brown 
10YR5/4  dry,  dark  yellowish  brown  10YR4/4  wet;  gradual 

boundary. 


GO 


Bb*..,..  SimiUr  to  aboT*  layer;  bloeky  to  priimatic  etructure; 

eontinuee  to  a  great  depth. 

11  Lo.aelal  Scroaem  Soil  Northern  Negev  _  Sde  Boker 

depth, cm 

A  0-  17  Clay  loam  with  about  10%  pebbles  l-3ein  in  diameter; 

crumb  structure;  friable;  many  roots;  very  pale  brown 
10YR7/4  dry,  light  yellowish  brown  10YR8/4  wet;  gradual 
boundary. 

B,  17-  40  Clay  loam  to  silty  clay  loam,  with  about  10%  pebbiri 

S-4em  in  diameter;  subangular  bloeky  to  hard  bloeky 
structure;  carbonate  pieudomycelia;  fine  roots;  very  pale 
brown  10YR7/4  dry  A  wet. 

B,  40-  40  Silty  clay  loam  with  about  10  %  pebbles  l-3cm  in  diameter; 

carbonate  nodules  (5%);  subangular  bloeky  to  bloeky  struc¬ 
ture;  very  pale  brown  10YR7/4  dry  &  wet. 

B|^^  40-  74  Silty  clay  loam  with  few  cobbles  70-30cm  in  diameter; 

carbonate  nodules  (3-b%)  Smm  in  diameter  and  few  gypsum 
crystals;  subangular  bloeky  to  bloeky  structure;  friable; 
very  pale  brown  10yR7/4  dry  &  wet. 

Silty  clay  loam  with  6-10%  pebbles  l-3cm  in  diameter; 
carbonate  nodules  (5%)  10-lSmtn  in  diameter  and  gypsum 
crystals  (-5%);  bloeky  structure;  pale  brown  10YR6/3  dry  ft 
wet. 

13  Loaaslal  Serasem  Soli  Northan  Negev  —  Sde  Boker 

depth, cm 

A  0-  13  Clay  loam;  loose;  few  roots;  very  pale  brown  10YR7/4  dry, 

light  yellowish  brown  lOYRO/4  wet;  gradual  boundary. 

Bj  13*  36  Clay  loam  with  few  pebbles  l-3cm  in  diameter;  carbonate 

pseudoutycelia  and  carbonate  nodules  2-3cm  in  diameter; 
subangular  bloeky  to  massive  structure;  friable;  very  pale 
brown  I0YR7/4  dry,  light  yellowish  brown  10YR6/4  wet; 
gradual  boundary. 

B|  36-  46  Clay  loam  with  few  pebbles  max.  fiem  in  diameter;  about 

3%  carbonate  nodules  6mra  in  dismeler  and  abour  3%  gyp- 
flum  nodules;  subangular  bloeky  to  bloeky  stiucture;  hard; 
light  yellowish  brown  10YR8/4  dry,  yellowish  brown 
10YR6/4  wet;  gradual  boundary. 

®ict,ea  ♦*'  Clay  loa  m  with  about  26%  gravel  2-8cm  in  diameter;  few 

carbonate  nodules  and  gypsum  mycelia  6ram  in  diameter; 
subangular  bloeky  structure;  friable;  very  pale  brown 
10YR7/4  dry,  light  yellowish  brown  10YR8/4  wet;  gradual 
boundary. 


G7 


Clij  loam  with  about  15%  grarel  max.  8cm  In  diameter; 
10-40%  carbonate  hodulei  S-S  omm  in  diameter,  tome  gyp- 
anm  mycelia;  blocky  atrnctnre;  friable;  rery  pale  brown 
10YR7/4  dry,  light  yellowish  brown  lOYRO/4  wet;  wavy 
gradual  boundary. 


11  Loesalal  Seroaem  Soil 
depth,cm 

A  0-  aa 


B,..  aa-  SB 


a$-  70 


70-  ea 


C,  aa-isa 


laa-tee 


Northen  Negev  —  Sde  Bokcr 


Loam;  strong,  medium  to  fine  subangular  blocky  structure; 
very  pale  brown  10YR7/3  dry,  light  yellowish-brown 
10YR8/4  wet;  clear  boundary. 

Similar  to  above  layer  with  many  white  mottles  (1mm)  of 
crystalline  salt  and  gypsum;  clear  boundary. 

Silty  clay  loam  with  50  %  white  lime  nodules  (2em],  mostly 
elongated  vertically;  medium  blocky  to  prismatic  struc¬ 
ture;  very  hard;  brown  7.SYR4.S/5  dry,  dark  brown 
7.6YR4/4  wet;  clear  to  gradual  boundsiy. 

Silty  clay  loam  with  few  white  lime  flecks  and  small  black 
mottles;  medium  blocky  parting  Into  strong  fine  blocky 
structure;  strong  brown  7.5YR5/fl  dry  &  wet;  clear  to  gra¬ 
dual  boundary. 

Silty  clay  loam  with  few  sand  and  gypsum  crystals; 
massive  to  weak  subangular  blocky  structure;  hard;  light 
yellowish  brown  10YR6/4  dry,  yellowish  brown  10YR6/4 
wet;  smooth  clear  boundary. 

Loam  to  clay  loam  with  50%  lime  flecks  and  many  gypsum 
crystals,  mostly  in  thick  mycelia;  moderate  flne  blocky  to 
subangular  blocky  structure;  very  hard;  reddish  yellow  to 
yellowish  brown  SYR5/6  dry  &  wet;  the  same  layer  contin¬ 
ues  to  greater  depths. 


14  Loesslal  Serosem  Soil 
depth,cm 


Judean  Desert  —  Rujm  a  Naqua 


^0 

A  0-  IB 

IB-  40 


Bsea  <0-  «• 


Cover  of  some  stones  and  lot  of  gravel. 

Crlcareous  loam;  massive;  slightly  hard;  light  yellowish 
brown  10YR6.5/4  dry,  yellowish  brown  10YR5/6  wet;  clear 
boundary. 

Calcareous  silt  loam  with  20%  soft  carbonate  nodules  (I 
cm);  moderate  fine  subangular  blocky  structure;  harde; 
light  yellowish  brown  lOYRO/4  dry,  yellowish  brown 
10YR5/4  wet;  gradual  boundary. 

Silty  clay  loam  with  30-40%  soft  lime  nodules  (1  cm); 
strong  subangular  blocky  structure;  hard;  brown  7.5YR5/4 
dry,  7.6YR4.5/4  wet;  gradual  boundary. 


08 


/ 


B,  M-107 


®*«.  107-1»0 


B 


leo-ieo 


Calckraoai  •lltjr  cUf  loam  with  20%  soft  lims  nodules  (1 
cm);  strong  medlnm  to  fins  subanguUr  bloeky  structure; 
bard;  light  brown  7.5YR6/4  dr^,  brown  7.5YR5/4  wet;  gra¬ 
dual  bouadarjr. 

Calcareoos  silt/  cla/  loam  with  10%  soft  lime  nodules  and 
some  cinsters  of  g/psum  crystals;  moderate  medium  to  fine 
Sttbangular  block/  structure;  hard;  brown  7.SYR7/4  dr/  & 
wet;  gradual  bonndat/. 

Calcareous  silt/  ela/  loam  with  Ter/  few  (2%)  soft  lime  no¬ 
dules  and  man/  m/eelia  and  cluaters  of  cr/stattine  g/p- 
sum;  weak;  medium  to  fine  subangular  block/  structure; 
sllghtl/  hard;  brown  7.SYR5/4  dr/  &  wet. 


16  Loess  —  Arehaeologleal  Site  Central  Negev  -  Makhteah  Rnmon 

depth, cm 

0-  to  Shattered  grit  with  tilt  (15-30%)  and  pebbles  (man.  5cm}; 

light  /allowish  brown  to  brownish  /allow  10YR6/4-fi  dry, 
/ellowlah  brown  10YR6/6  wet. 

to*  so  Sllt(eoll)  slth  eaad  and  grit;  toes  pebbles;  broenisb  /elloa  toYSA/S 
dr/,  /eXteelsh  brown  lOnS/S  set. 

SO*  55  Boulders  (aai.  S0*40ea}i  sene  sbatterad;  boulders  coated  wltb  salts; 

browateb  /allow  lOVSS/e  dr/,  dark  /sllowlih  brown  10rR4/e 

wet. 

55*  50  flit  with  shattered  pebbles;  brownish  /ellow  10YR5/5  dry,  yel* 

lowith  brown  10YR5/5  wet. 

SO-  75  Slit  sad  grit;  small  nodules  of  gypsum  and  salt;  pale  yellow 

2.5YR5/4  dr/,  oliwe  yellow  2.SyR5/8  wet. 

76*  S5  Silt  with  small  pebbles  (1  cm)  and  some  sand;  very  pale  brown 

10YR7/4  dry,  yellowish  brown  10YR6/6  wet. 

The  profile  contains  -80%  fine  earth,  down  to  80cm  it  contains  60%  fine  earth. 


16  Loeaa  -  Archaeological  Bite  Southern  Negew  _  Uvda  Valley 


depth, cm 

0*  6 

Silt  with  fine  sand,  without  stones,  yellow  10YR7/6  dry, 
brownleh  yellow  10YR6/6  wet. 

5-  15 

Similar  to  abor*  layer. 

11*  30 

Silty  layer;  yellow  10YR7/6  dry,  yellowish  brown  10YR5/6 

wet. 

30-  50 

Silt  with  fine  sand. 

Southern  Negev  —  Sha]xrut  Valley 


17  TakyrSoU 


Depth,  cm 

A, 

0-  ao 

Silt;  maeilve  to  Baky  etructore;  yellow  10YR7/6  dry, 
brownith  yellow  1OYR0/8  wet. 

c. 

SO-  40 

Silt;  Baky  atructure;  porous. 

40-  48 

Silt;  flaky  structure;  reddish  yellow  7.5YR7/6  dry,  reddish 
yeliow  7.5YRfl/6  wet. 

c. 

48-  48 

Silty  crust;  hard;  light  color. 

c. 

48-  48 

Silt;  flaky  atructure;  porous;  dark  color. 

c. 

48-  60 

Silt  crust;  hard. 

c. 

80-  70 

Silt;  yellow  10YR7/8  dry,  brownish  yellow  10YR6/fl  wet. 

Cerbonete  flecki  tbrou 

ghout  the  profile. 

18  TakyrSoll 

Southern  Negev  —  Qa  En  Naqb 

depth, cm 

Aq 

0-0. a 

Light  silty  crust;  cohesive;  laminar  structure. 

A, 

0.3-  la 

Fines;  crumb  structure;  salt  and  gypsum  nodules. 

c„,.. 

12-  80 

F'ines;  friable  and  loose;  salt  and  gypsum  nodules. 

60- 

80+  Fines;  gypsum  nodules. 

The  color  of  the  profile:  brownish  yellow  10YR6/8  dry,  red¬ 
dish  yeilow  to  strong  brown  7.5YR8-5/B  wet.  The  profile  is 
100%  fine  earth. 

1«  TakyrSoll 

Southern  Negev  —  Qa  En  Naqb 

depth,cm 

A. 

0-  8 

Silty  clay  crust;  massive  with  some  pores  in  the  lower  part; 
extremely  hard;  pink  7.5YR7/4  dry,  strong  brown 
7.5YR4.fi/8  moist;  abrupt  boundary. 

A, 

8-  10 

Similar  to  above  layer,  with  massive  to  platy  structure; 
hard;  abrupt  boundary. 

^Sci.c* 

10- 

20  Saline  silty  clay  with  small  white  mottles  of  gypsum; 
subangular  blocky  structure;  slightly  hard;  light  brown 
7.5YR8/4  dry, strong  brown  7.6YR4/e  moist;  gradual  boun¬ 
dary. 

B. 

ao-  it 

Similar  to  above  layer,  less  gypsiferous;  gradual  boundary. 

C 

it-  80 

Similar  to  above  layer;  coarser  textured,  especially  down  to 

40cm. 


20  TakyrSoIl 

depth, cm 


0-  4 

c, 

4-  14 

c, 

14-  60 

21  Sol 

A„ 

lonchak  Soil 

depth, cm 

A, 

0-  13 

A, 

13-  30 

n, 

30-  80 

D, 

80-100 

B,.. 

100-120 

E»ttern  Sin*t  —  Wadi  Mukelblla 

Fines;  laminar  structure;  cracked  surface. 

Silty  clay;  without  stones  or  salt. 

Similar  to  the  above  horiion. 

Eastern  Samarian  Desert  —  Ma'ale  Efralm 


Some  gravel  and  stones  are  seen  on  the  surface. 

Calcareous  clasy  loam  to  silty  clay  loam;  weak  fine 
subangular  blocky  to  granular  structure;  soft;  light  brown 
7.5YRfl/4  dry,  brown  to  dark  brown  7.5YR4/4  wet;  gradual 
boundary. 

Calcareous  clay  loam  to  silty  clay  loam;  moderate,  medium 
to  fine  subangular  blocky  structure;  loose;  brown  7.SYR5/4 
dry,  brown  to  dark  brown  7.5YR4/4  wet;  smooth,  clear 
boundary. 

Calcareous  silty  clay  with  few  lime  spots;  very  coarse 
columnar  structure;  extremely  hard;  brown  7.5YR5/4  dry, 
brown  to  dark  brown  7.5YR4/4  wet;  gradual  boundary. 

Calcareous  silty  clay  with  soft  lime  Becks  that  increase  gra¬ 
dually  with  depth;  medium  prismatic  to  blocky  structure; 
extremely  hard;  brown  to  reddish  brown  #YR4/4  dry  and 
moist;  indistinct  boundary. 

Similar  silty  clay  with  many  toft  lime  flecks  (20%);  reddish 
brown  5YR4/4  dry  and  wet. 


22  Solunrltsk  Soil 
depth, cm 

0-  2 


2-  14 


14-  33 


30-  74 


Dead  Sea  —  Eln  Tamar 


Saline  crust  with  many  large  gypsum  crystals;  massive; 
hard;  underneath  the  crust  many  large  salt  crystals;  light 
grey  10YR7/2  dry,  pale  brown  10YR#/3  wet;  abrupt  boun¬ 
dary. 

Pine  sand  loam  with  many  gypsum  crystals  (O.S  cm)  and 
with  a  grey  silt  loam  layer  with  rutty  motles  (30%)  at  depth 
of  9-12cm;  yellowish  brown  10YR5/4  wet;  clear  boundary. 

Silt  loam  with  10-15%  large  rusty  mottles  (1  cm)  and  a  few 
large  gypsum  crystals;  massive;  hard;  pale  yellow  5YR7/3 
dry,  light  browninsh  grey  2.5YR6/2  wet;  gradual  boundary. 

Silty  clay  loam  wuth  a  few  large  gypsum  crystal;  massive; 
hard;  white  2.5YR8/2  dry,  light  brownish  grey  to  light  yel¬ 
lowish  brown  2.SYR6/3  wet;  clear  boundary. 


Gll 


74-110 

Slltjr  cUx  loam  with  a  few  ruety  motled,  a  few  gypiam  cry- 
■tali  and  6-S  thin  (2.6mm)  blade  layeri;  maaiTe;  eery  hard; 
white  2.5YR8/2  <iry,light  biowniah  grey  to  light  grey 
2.5YR8.S/2  wet;  clear  boundary. 

110-130 

Silty  clay  loam;  hard;  white  2.5YR8/2  dry,  light  grey 
2.6YR7/2  wet;  gradual  boundary. 

180-100 

Similar  to  above  layer  with  a  few  rupty  mottlep  (0.5-lcm); 
indietinct  boundary. 

100-310 

Similar  to  above  layer,  but  with  pilt  loam  texture  and  fewer 
rufty  mottlep. 

2>  Solonehmk  Soli 

Southern  Arava  —  Avrona  Playa 

depth, cm 

Ao 

Friable  tandy  cruet  with  pome  gravel. 

0-  8 

Salt  with  pome  eand;  elightly  hard;  wavy  layer;  ptrong 
brown  7.6YRS/0  wet. 

a-  10 

Sand  and  ailt;  maesive;  aome  palt  cryptalp. 

10'  13 

Silt  and  clay;  very  hard;  diecontinuoup  layer;  laminar 
Ptruciure;  reddieh  yellow  7.SYR7/6  dry,  brown  to  ptrong 
brown  7.5YR5/4-6  wet;  wavy  boundary. 

12-  20 

Sand  and  ailt;  palt  cryptalp;  very  hard;  redieh  yellow 
7.5YR7/8  dry,  brown  to  ptrong  brown  7.5YR5/4-6  wet,  clear 
wavy  boundary. 

22-  80 

Similar  to  layer  12-20. 

30-  46 

Sand  and  ailt  with  pome  thin  laminae  of  amall  pebblep  and 
granulep  (average  0.5cm,  max.  1.5cm  in  diameter);  gypsum 
cryptalp  in  large  quantity;  yellowish  res  5YR5/8  wet. 

46-  00 

Sand  with  pome  ailt  and  granules;  salt  crystals. 

O 

CD 

» 

O 

Sand  with  some  silt  and  granules;  salt;  crystals;  massive; 
brown  to  strong  brown  7.5YR8/4-6  wet. 

24  Solonchak  Soil 

Eaatern  Sinai  —  Blr  Sweir 

depth, cm 

A  0-2 

Silty  clay  curt  covers  the  surface  (dry). 

a-  »o 

Sandy  loam  with  yellow  and  red  mottles;  some  salt  flecks. 

C,..,..  «-  66* 

Sandy  loam,  large  quantity  of  neddle  like  salt  crystals; 
yellowish  red  6YR6/8  wet. 

G12 


SS  Alluvium  De***  8*»  —  N*h»l  Z*’«Mm 

depth, cm 

0-  a  Grerel,  without  fiaee. 

a-  7  Grevet  2-Scni  la  diameter  with  finee. 

17-  aa  Gravel  8-lOcm  io  diameter  with  flnee. 

aa-  60  Some  booldere  with  gravel  and  finee. 

f  Alluvium  Southern  Negev  —  Uvda  Valley 

depth, cm 

0-  6  Fine  eaad  and  eilt  compact  firmly;  subdivided  into  a  eilty 

hard  crnet  down  to  1cm,  elightly  looee  eilt  and  fine  sand 
down  to  Sem;  yellow  10YR7/8  dry,  brownieh  yellow 
10YR«/a  wet. 

6-  16  Calcareoue  eilt;  hard;  yellow  10YR7/B  dry,  brownish  yellow 

10YR«7/g  wet. 

16-  ao  Fine  sand  and  silt;  friable  of  low  consistency;  yellow 

10YR7/fi  dry,  brownish  yellow  lOYRfl/fi  wet. 

ao-  ao  Fine  sand;  hard;  yellow  10YR7/6  dry,  yellow  10YR7/8  wet. 

36-  38  Silty;  thin  laminar  bedding,  yellow  10  YR7/6  dry,  brownish 

yellow  lOYRe/8  wet. 

88-  86  Silty;  very  hard. 

86-  40  Coarse  sand  with  quarts  grit;  friable  and  very  loose;  fluvial 

sand;  yellow  10  YR7/#  dry,  yellow  10YB7/8  wet. 

40-  60  Fine  sand;  laminar;  friable. 

27  Alluvium  Eaetern  Sinai  —  Wadi  Mandara 

depth, cm 

snrlaee  Bar  and  swale  patern  cover  the  surface;  white  color. 

0-  60  Sand  and  grit  laminae. 


38  Alluvium  Central  Blnal  —  Blr  -  oth  Thamada 

dcpth,cm 


A 

0-  10 

Loamy  sand  with  about  i0%  pebbles;  loose;  very  pale  brown 
10YR7/4  dry,  light  yellowish  brown  10YR6/4  wet;  abrupt 
boundary. 

AO 

10-  34 

Loamy  sand  with  about  10%  pebbles;  clear  abrupt  boundary. 

c, 

34-  40 

Sand  to  sandy  loam  with  about  70%  pebbles;  clear  abrupt 
boundary. 

C|  40'  M  Sand  with  tom*  (10%)  pebbles;  clear  botindarj. 

C|  la-llO  Sand  with  about  70%  pebbles. 


IV  Keg  Bollf  Holocene 
daptbtCiu 

Aq 

A,  0-0.6 

B  0.6-4. 6 

C  4.6-66.6 


Deed  Sen  Volley  —  NnJinl  Ze’ellm 


Desert  paTement  covers  00-SS%  of  the  surface;  well  sorted 
gravel  2-lOcm  in  diacaetc. 

Vesicular  layer;  silty;  very  pale  brown  10YR7/3  dry,  light 
yellowish  brown  10  YRS/4  wet;  clear  boundary. 

Silty  clay  with  pebbles  of  average  1cm  in  diameter;  some 
gypsum  nodules;  reddish  yellow  7.5YR7/8  dry,  reddish  yel¬ 
low  7.5YR#/6  wet. 

Poorly  sorted  gravel;  70%  of  the  gravel  is  shattered;  white 
friable  gypsum  nodules;  very  pale  brown  10YR7/4  dry, 
light  yellowish  brown  10YR6/4  wet. 


to  Reg  Soil,  Holocene 
depth, cm 

Aq 

A,  0-0,3 

B  0.3-  10 

B„  10-  17 

C,  17-  40 

C,  40-  66 


Southern  Negev  —  Wadi  Pnran 


Desert  pavement  covers  95-100%  of  the  surface;  well  sorted 
pebbles,  average  2.Scm  in  diameter. 

Vesicles  underneath  the  stones;  wavy  boundary. 

Small  pebbles  (1cm  in  diameter);  some  shattered;  gypsum 
crystals;  .30%  fine  erth;  yellow  10YR7/6  dry,  brownish  yel¬ 
low  10YR6/8  wet. 

Petrogypsic  horiion,  highly  cemented  with  some  shattered 
gravel. 

Cravel,  poorly  sorted;  average  2cm  in  diameter,  max.  7cm; 
shattered;  some  granules;  very  loose;  salts  cover  many 
stones  and  cracks;  some  gypsum  nodules;  -10%  fine  earth. 

Similar  to  above  layer;  rounded  cobbles  8-lOcm  in  diameter, 
only  the  big  pebbles  are  shattered;  without  salt  crystals. 


61  BLeg  Soil,  Holocene 
dcpth,cm 

A,  0-  a 

A,  a-8.6 

B  6.6-  e 

C,  e-  e 

C,  9-  14 

C,  14-  40 


Southern  Negev  —  Tlmnsk  Valley 

Desert  pavement  mixed  with  fines;  bar  and  swale  pattern. 
Silty;  vesicular  layer;  light  brown  7.5YRtt.5/4. 

Silty;  yellowish  red  6YR4.5/6. 

Fines  with  some  small  pebbles. 

Shattered  small  pebbles. 

Pebbles  with  fines;  well  sorted. 


tt  Rag  Soli,  Holocene 

Eaatern  Sinai  —  Wadi  Mukelblla 

depth, cm 

Ac 

Deleft  pavement  covere  08%  of  the  lurface.  Clear  bare  with 
uniorted  bonlderi  (80tm  in  diameter},  graveli  mixed  with 
land. 

Aj  0-  3 

Thick,  vesicular  layer,  with  relatively  large  veaicules;  hard; 
some  imall  itonci  near  the  boundary;  very  pale  brown 
lOYR  7/4  dry,  light  yellowish  brown  10YR6/4  wet;  clear 
smooth  boundary. 

B|  3-3.6 

Coarse  sand  with  grit;  continous  layer;  reddish  yellow 
8YRfl/8  dry,  yellowish  red  5YR5/7  wet;  clear  boundary. 

8.6-  13 

Sandy;  some  poorly  sorted  stones  and  gravel  (max. 6cm); 
concentration  of  gypsum  mycelia  around  the  stones;  gravel 
and  stones  are  shattered;  pink  7. SYR  7/4  dry. 

C,  13-  46 

Sandy;  poorly  sorted  pebbles  and  cobbles;  some  crystalline 
salt  around  the  bottom  of  gravels. 

SS  Rcg  Soil,  Holoeene 

Eastern  Sinai  —  Wadi  Khuweit 

depth, cm 

Ao 

Desert  pavement  covers  85-90%  of  the  surface;  poorly  sort¬ 
ed  gravel. 

A,  0-  3 

Silty;  powdery  fines;  small  vesicles  0.5-lmm;  loose;  reddish 
yellow  7.5YR8/9  dry,  7.5YR7/8  wet;  abrupt  boundary. 

BC  8-6 

Silt  with  granules  and  small  pebbles;  very  loose;  reddish 
yellow  7.5YR7/8  dry,  7.5YR6/8  wet,  abrupt  boundary. 

C,  6-  80* 

Sediments;  very  loose. 

The  profile  contains  5-10%  fine  earth. 

S4  Reg  Soli,  PleUtocene  Central  Negev  -  Makhteeh  Ramon 

depth, cm 


Ao 

Desert  pavement  covers  the  surface;  very  poorly  sorted 
gravel-pitted,  average  of  40cm  in  diameter. 

Av 

0-  8 

Vesicular  layer;  very  small  vesicles;  yellow  10YR7/6  dry, 
brownish  yellow  I0YR6/8  wet;  abrupt  boundary. 

B. 

8-  18 

Gravel  free  horiion;  friable  carbonate  nodules;  yellow 
10YR7/8  dry,  brownish  yellow  10YR8/8  wet. 

Cr 

13-  20 

Shattered  gravel;  carbonate  nodules. 

C| 

30-  60 

Small  unihattered  gravel;  friable  gypsum  nodules  bridge 
between  the  stones. 

The  profile  contain*  -40-50%  of  fine  earth. 


Sfi  E«g  Soil,  PUtstoeene 
depth, cm 

Central  Arava  Valley  —  Bataeva 

Ao 

Rock  fragments  covet  the  surface  —  desert  pavement. 

A 

0-  t 

Sandy  loam  with  some  pebbles;  very  pale  brown  10YR7/3 
dry,  light  yellowish  brown  10YR8/4  wet;  clear  boundary. 

B,« 

1-  s 

Loam-clay  loam;  20%  of  pebbles,  salts;  loose;  reddish  yel¬ 
low  7.5YR#/6  dry,  strong  brown  7.8YR6/9  wet;  clear  wavy 
boundary. 

B-s 

I-  It 

Fines  with  soma  pebbles;  gypsum  crystals;  wavy  boundary. 

B.^ 

It-  to 

Silt  and  sand  with  30%  pebbles;  white  salt  spots;  loose; 
light  broiwn  to  light  yellowish  brown  SYR6/4  dry,  strong 
brown  7.SYRS/8  wet;  clear  to  gradual  boundary. 

to-  to 

Petrogypsic  horison  partly  cemented;sand  and  tilt  with 
gravel;  massive;  hard;  white  10YR8/1  dry,  very  pale  brown 
10YR7/S  wet;  gradual  boundary. 

c. 

to-  63 

Sand  with  50%  pebbles;  gypsum  crystals;  massive;  loose; 
very  pale  brown  10YR7/3  dry,  very  pale  brown  to  light  yel¬ 
lowish  brown  t0YR6.S/4  wet;  gradual  boundary. 

c... 

63-100 

Similar  to  above  layer;  more  gypsum  crystals;  gradual 
boundary. 

C. 

100-iir 

Similar  to  above  layer;  number  of  gypsum  crystals  decrease 
with  depth. 

Cs 

117-iae 

Similar  to  above  horison. 

S0  Reg  Soil,  Pleistocene 
depth, cm 

Southern  Negev  —  Wadi  Paran 

A^ 

Desert  pavement  covers  95%  of  the  surface;  well  sorted  peb¬ 
bles  with  (-10%)  rounded  cobbles  15cm  in  diameter. 

A, 

0-0. a 

Vesicles  coating  the  bottom  of  atones. 

B 

o.a-  11 

Fines  with  very  little  stones;  powdery  small  gypsum  cry¬ 
stals;  loose;  30%  fine  earth;  brownish  yellow  10YR5/8  dry, 
yellowish  brown  10YR5/8  wet;  wavy  boundary. 

c. 

It-  60 

Shattered  gravel;  50%  of  the  gravels  are  cobbles  averaging  1 
Ocm  in  diameter;  pebbles  of  2cm  in  diameter  and  some 
granules;  mottles  of  gypsum  max.  4cm  in  diameter;  salt 
crystals  cover  many  stones  and  sometimes  bridge  between 
them;  -25%  fine  earth;  reddish  yellow  7.5YR7/6  dry,  brown¬ 
ish  yellow  lOYR  5/8  wet. 

c. 

60-  66 

Pebbles  and  granules,  average  O.S-lcm  in  diameter  max. 

6-7ciii;  mMiiva  atructurc;  tome  crystalline  gypsum;  salts 
at  the  bottom  of  stones;  -10%  fine  earth;  hard-cchessive. 


G10 


C|,  ee-  06 


Giovei  -  rounded  end  poorly  lorted;  tome  ihkttered; 
•lightly  herd;  .16%  fine  fine  eerth. 


Reg  SoUt  PleUtocene 


Southern  Negev  - —  Nnl^al  Htyyon 


depth, cm 
Ao 

A, 

A,  a-  6 

Bi„  6  ai 

ai-  ae 

B,  S8-  60 

C, „  60-  78 

C,„  78-  04 


Deeert  pavement  of  flint  grevel. 

0-  2  Veiicular  layer;  slightly  gravelly  loam;  very  pale 
brown  I0YR7/4  dry;  light  yellowiih  brown  lOYRB/t  wet; 
gradual  boundary. 

Slightly  gravelly  (10%)  loam  with  many  small  (imm)  white 
mottles  apparently  of  loft  gypium;  maeeive;  pink  7.5YR7/4 
dry,  itrong  brown  7.5YR5/6  wet;  gradual  boundary. 

Gravelly  (20%  gravel)  loam  to  clay  loam  with  numerous 
large  gypsum  concentrations  of  low  bulk  density;  loose; 
reddish  yellow  5YR6/6  dry,  yellowish  red  5YR4/<I  wet; 
gradual  boundary. 

Gravelly  (70%  gravel)  loam  with  gypsum  crystals  and  con¬ 
centrations  of  various  dimensions;  loose;  reddish  yellow 
7.5YRfl/6  dry,  strong  brown  7.5YR5/6  wet;  clear  boundary. 

Similar  to  above  layer,  with  more  (50%)  gravel  and  without 
a  gypsum  concentration;  clear  boundary. 

Loamy  layer,  mostly  somewhat  indurated  by  gypsum  (60% 
of  the  layer);  slightly  hard;  white  dry,  strong  brown 
7.5YR5/6  wet;  clear  boundary. 

Very  gravelly  and  stony  (80%)  sandy  loam,  somewhat  in¬ 
durated  by  gypsum;  massive;  soft  to  slightly  hard;  reddish 
yellow  7.8YR8/fl  dry,  strong  brown  7.5YR5/8  wet;  gradual 
boundary. 


C,„  84-128 

C,„  128-160 

Bb 


Similar  to  above  layer,  with  more  stones  and  gravel  (80%) 
and  more  indurated  by  gypsum;  clear  boundary. 

Sandy  loam  indurated  by  gypsum  and  lime;  massive;  hard; 
white  dry,  pink  7.SYR7/4  wet;  clear  boundary. 

Very  gravelly  (80%)  sandy  loam,  somewhat  indurated  by 
gypsum;  massive;  hard;  yellowish  red  5YR4/S  dry  and  wet. 


88  Reg  Soil,  Pleistocene 
depth, cm 

Ao 

A  0-3 


B. 


3-  8 


Southern  Negev  —  Qeturn 


Desert  pavement  of  dolomite  gravel  with  some  flint  gravel. 

Vesicular  layer  of  1cm  grading  at  depth  to  massive  layer; 
20%  gravel  and  atones,  loam  to  silt  loam;  pink  8YR7/4  dry, 
reddish  yellow  7.5YR6/6  wet;  clear  boundary. 

Gravelly  loam  (20%  gravel),  with  many  small  white  gyp- 
anm  or  lime  flecks  (]-2mm);  loose;  pink  7.SYR7/4  dry, 
strong  brown  7.5YR5/6  wet;  wavy  cleat  boundr.ry. 


GI7 


B.,. 

a-  IB 

White  gypsum  with  low  bulk  density,  some  gravel 
(10-30%);  massive;  soft;  wavy  abrupt  boundary. 

B,.. 

16-  22 

Gravelly  sandy  loam  (20%  gravel),  with  many  (10-20%)) 
soft  small  gypsum  concentrations  (l-2mm);  loose;  clear 
boundary;  pink  7.5YR7/4  dry,  reddish  yellow  7.5YR8/8  wet. 

Bs.. 

23-  38 

Sand  loam  with  few  gypsum  crystals;  loose;  pink  7.5YR7/4 
dry,  reddish  yellow  7.5YR6/8  wet;  clear  boundary. 

38-  63 

Very  gravelly  and  stony  (80%)  sandy  loam,  with  little  gyp¬ 
sum,  gypsum  crystals  cover  many  stones  and  sometimes 
bridge  between  them;  massive  to  loose;  pink  7.5YR7/4  dry, 
strong  brown  7.SYR5/8  wet;  gradual  boundary. 

to  Reg  Soil,  PleUtoeene 
depth, cm 

Ao 

Ay  0-  2 

B,  2-  20 

B,  20-  60 

C,  60-  80 

C,  80-110 


Southern  Negev  — •  Ttmna  Valley 


Deiert  pavement,  covers  100%  of  the  surface;  pebbles  -  aver¬ 
age  of  3-5cm  in  diameter. 

Vesicular  layer;  reddish  yellow  7.5YR8/6  dry,  strong  brov,  n 
7.SYR5/8  wet;  abrupt  boundary. 

Silty,  gravel  free  horiion;  petrogypsic  horison;  pink 
7.SYR7/4  dry,  strong  brown  7.5  YR5/8  wet. 

Shattered  pebbles  with  rounded  gypsum  crystals;  reddish 
yellow  5YR8/8  dry,  yellowish  red  5YR5/6  wet. 

Rounded  pebbles;  gypsum  nodules;  loose;  light  reddish 
brown  5YR6/4  dry,  yellowish  red  5YR5/8  wet. 

Gravel,  some  shattered;  very  loose;  some  nodules;  reddish 
yellow  7.5YR6/8  dry,  strong  brown  7.5YR5/8  wet. 

The  profile  contains  10-20%  fine  earth; 


tO  Reg  Soil,  Pleistocene 
depth, cm 

Ao 

A,  0-  2 

B  ,  2-16 

C  16-  70 


Eastern  Sinai  —  Wadi  Khuweit 


Desert  pavement  covers  80-90%  of  the  surface;  pebbles, 
average  of  2-3cm  in  diameter,  cobbles  10-15cru,  max.  30cm; 
the  gravel  is  shattered  and  weathered. 

Silty;  vesicular  structure;  small  vesicles  of  1-1. 5mm  in  di¬ 
ameter;  pink  7.5YR8/4  dry,  reddish  yellow  7.5YR6/8  wet; 
clear  and  wavy  boundary. 

Fines  with  some  small  pebbles;  reddish  yellow  7.5YR7/8 
dry,  strong  brown  7.5  YR5/8  wet;  wavy  and  gradual  boun¬ 
dary. 

Shattered  gravel;  poorly  sorted;  concentration  of  salt  flecks 
decrease  with  depth;  salt  crystals  inside  the  shattered 
stones. 
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Tli«  profile  conteint  30%  fine  eerth. 


41  Reg  Soli,  PleUfcoeene 
depth, cm 


Aq 

Desert  paremcnt  coven  100%  of  the  surface. 

A, 

0-  a 

Veaicular  layer  of  sandy  loam;  very  pale  brown  10YR7/3 
dry,  yellowish  brown  lOYRS/5  wet;  abrupt  boundary. 

a-  to 

Loamy  sand  with  some  pebbles;  some  salts;  massive  to 
laminar;  very  pale  brown  10YR7/3  dry,  light  yellowish 
brown  lOYRS/4  wet;  abrupt  boundary. 

Br 

10-  19 

Loamy  sand  with  some  pebbles;  columnar  structure;  strong 
brown  7.SYR5/6  dry  and  wet;  gradual  boundary. 

B,.. 

10-  36 

Loamy  sand  with  30%  pebbles;  light  brown  10YR8/4  dry, 
strong  brown  7.6YR5/8  wet;  wavy  boundary. 

Baae.ct 

36-  47 

Loamy  sand  with  30%  pebbles;  some  gypsum  crystals;  light 
brown  7.5YR6/4  dry,  strong  brown  7.5YR5/8  wet;  gradual 
boundary. 

c,«. 

47-100 

Petrogypaic  horison  highly  cemented;  very  pale  brown 
10YR8/3  dry,  light  yellowish  brown  10YR8/4  wet;  gradual 
boundary. 

Cu. 

100-110 

Petrogypaic  horison  slightly  cemented;  gradual  boundary. 

Cu. 

UO-120 

Loam;  some  gypsum  crystals  which  decrease  with  depth; 
very  pale  brown  10YR8/4  dry  and  wet;  gradual  boundary. 

42  Reg  Boll,  Pleistocene 
depth, cm 

Central  Sinai 

Av 

0-  7 

Vesicular  layer;  sandy  loam;  light  yellowish  brown 
10YR8/4  dry,  yellowish  brown  10YR6/4  wet;  clear  wavy 
boundary. 

B,.. 

7-  18 

Clay  loam  with  30%  pebblea;  aalt  crystals  and  gypsum 
mottles;  loose;  yellowish  red  6YR4/8  dry,  yellowish  red 
6YR4/8  wet,  gradual  boundary. 

B... 

18-  28 

Loam  to  clay  loam  with  30%  pehblts;  looae;  6YR5/6  dry, 
4YR5/8  wet. 

DC.. 

26-  39 

Loamy  sand  with  50%  pebbles;  loose;  pink  7.6YR7/4  dry, 
reddish  yellow  7. SYR  8/8  wet;  gradual  boundary. 

c... 

ao-  60 

Sandy  loam  to  loamy  aand  with  60%  pebblea;  very  pale 
brown  10YR7/3  dry,  brownish  yellow  10YR8/5  wet;  gradual 
boundary. 

Cu. 

60'  80 

Loamy  sand  with  70%  pebbles;  slightly  cemented  by 

gypeum;  gradual  boundary. 
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Cl 

BO-  B6 

Ssnd  with  60%  pebbles;  loos,;;  pick  7.SYR7/4  dr)r,  reddish 
yellow  7.SYR6/8  wet;  gradusl  boundsry. 

Cl 

S6-130 

Losmy  s&sd  with  60%  pebbles;  cemented  by  gypsum;  strong 
brown  7.SYRS/B  dry  snd  wet. 

4a 

Reg  Soilf  Pleistocene 
depth, cm 

Centrnl  Negev  —  Mnkhtesh  Rnmon 

Aq 

Desert  psvement  covers  the  surfsce;  pebbles  sversging  3cm 
in  dismeter;  some  boulders  of  msx.  80cm. 

A, 

0-  6 

Silty;  grsvel  free  horlson;  plscky  structure;  cohesive; 
yellow  10YR7/6  dry,  brownish  yeilow  10YR6/8  wet; 
indistinct  boundnry. 

Cl 

6-  36 

Pines  with  some  pebbles;  salt  flecks;  yellow  10YR7/6  dry, 
brownish  yellow  10YR6/8  wet. 

c. 

36-  60 

Fines  with  some  pebbles;  salt  nodules;  reddish  yellow 
7.5YR7/6dry,  7.5YR7/6  wet. 

44 

Reg  Soil,  Tertlory 
depth, cm 

Northen  Negev  —  Zln  Valley 

Aq 

Desert  pavement  covers  100%  of  the  surface;  well  sorted 
pebbles  average  3cm  in  diameter;  max.  20cm;  well  packed. 

Ay 

0-  3 

Silty;  vesicular  structure,  medium  developed  vesicles  of 
l-2mm  in  dismeter;  clear  boundary. 

B. 

3-  to 

Fines,  gravel  free  layer;  indistinct  boundary. 

B, 

to-  16 

Fines,  gravel  free  layer;  some  friable  gypsum  flecks; 
iudistinct  boundary. 

BC 

16-  40 

Shattered  pebbles  with  fines;  gypsum  nodules. 

Bbt.  «0-160 

Petrogypsic  hurison;  highly  cemented;  with  some  pebbles. 

4& 

Reg  Soli  (sgef) 
depth, cm 

Central  Negev  —  Makhtesh  Ramon 

Ao 

Cover  of  pebbles  3-&cm  in  diameter. 

A, 

0-  1 

Fines  without  vesicles;  loose;  powdery;  yellow  10YR8/8 
moiet,  brownlih  yellow  10YR6/8  wet;  indistinct  boundary. 

A, 

1-  16 

Fines;  powdery;  some  pebblee;  brownish  yellow  10YR6/8 
wet;  clear  boundary. 

C,„  16-  36 

Shattered  gravel  with  fines;  reddish  yellow  7.5YR7/8  dry, 
7.6YR6/8  wet. 

C,„  36-  60 

Shattered  gravel  with  fines;  flecks  of  crystaline  gypsum; 
reddish  yellow. 
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40-  N 

NodaUt  of  (irpanm;  nddith  yellow  7.SYR0/S  moiet,  itrong 
brown  7.SYRS/8  wet. 

The  profile  tootoioe  40-60%  fine  eeith  from  7cm  to  80cm. 

4*  Soli  (»|of) 

dopthtcm 

Southern  Negev  —  Sde  Eteyon 

Aq 

Desert  pevement  covers  70%  of  the  surfece;  grevel  max. 
30-S0em,  average  10cm  in  diameter;  30%  of  the  cover  is  fine 
earth. 

Ay 

0-  a 

Vesicnlar  layer;  abrupt  boundary. 

B. 

8-  11 

Gravel  free  layer;  massive  streetnre;  loose;  brownish  hue. 

c. 

It*  80 

Pebbles  (aboat  30%)  Scm  in  diamster;  massive  stracture; 
faiowntsh  bns. 

c.. 

ao-  71 

Fines  with  abont  20%  pebbles;  laminar  horisontal  struc- 
tare;  some  crystalline  gypenm  (Smm  In  diameter)  down  to 
fiOcm. 

47  &«s  Soil  (»g«f) 
d«ptb,ctii 

Enatern  Sinai  —  Wadi  El  Qsalb 

Aq 

Medium  sorted  gravel  (6-lOcm)  of  limestone  and  Hint  cover 
the  surface;  angular. 

Av 

0-0. a 

Vesicular  layer;  vesicles  of  0.6-lmm  in  diamstsr;  yellow 
10YR7/8  wet;  wavy  boundary. 

B., 

0.1-  i 

Small  pebbles;  some  salts;  reddish  yellow  7.6YR0/8  wet. 

c... 

6-  38 

Fines  with  shattered  gravel;  many  salts  within  the  layer; 
salts  coat  the  gravel  as  well;  reddish  yellow  7.6YR7/8  dry, 
7.6YR0/6  wet;  wavy  boundary. 

c... 

26-  76 

Shattered  gravels  with  salts  lying  on  top  of  sandstone;  salt 
flecks  and  salt  nodules  in  between  the  stones. 

The  profile  contains  60%  fine  earth. 

The  compaction  of  the  profile  is  loose. 

48 

Uammada  Soil 
depth, cm 

Central  Negev  —  Mount  SagI 

A, 

Desert  pavement  covers  86%  of  the  surface;  limestone  peb¬ 
bles  of  3-3em  in  diameter;  some  cobles  of  IBcm  in  diameter. 

A. 

0-  8 

Silty;  very  weak  vesicular  structure;  very  loose;  yellow 
10YR8/6  dry,  10YR7/8  wet;  abrupt  boundary. 

B.. 

8-  7 

Silty;  gravel  free  horison;  laminar  etructure;  friable  lime 
concretions;  ysilow  10YR7/g  moist,  gradual  boundary. 

031 


I 


C... 

7-  SO 

Grarel  with  some  fines;  friable  lime  and  gypsum  spots  in 
between  thestonee;  yellow  10YR8/B  dry;  abrupt  boundary. 

C,„ 

SO-  40 

Petrogypsic  koriscn;  salt  and  gypsum  underneath  the 
stones;  white  fines  with  gypsum  crystals. 

4« 

QaTnifikd*  Soil 

Central  Negev  —  Mount  Sagl 

depth, cm 

Aj 

Rock  fragments  cover  80%  of  the  surface;  average  of  2-3cm 
in  diameter;  some  (-40%)  rounded  and  angular  cohhles; 
biological  crust  with  fines  in  between  the  stones. 

4 

A» 

O 

1 

o 

Silty,  gravel  free;  friable  to  loose;  very  pale  brown  10YR8/4 
dr  y  . 

c. 

10-  so 

Silt  with  pebbles  10-l$cm  in  diameter. 

c. 

so-  so 

Boulders  with  some  fines. 

KO 

Hammad*  Soil 

Central  Negev  —  Mount  Lots 

depth, cm 

1 

Ao 

Rock  fragments  cover  -60%  of  the  surface;  cobbles  10-lScm 
in  diameter;  biological  crust  in  between  the  stones. 

i 

A. 

0-  10 

Fines  with  small  pebbles;  friable  to  loose;  flaky  structure; 
some  small  vesicles  under  the  biological  crust;  many  roots; 
very  pale  brown  7/4  dry,  yellowish  brown  10YR5/8  wet; 
gradual  boundary. 

C 

10-  so 

Gravel  with  some  fines;  many  roots  corrode  the  stones. 

61 

Uammada  Soli 

Central  Negev  —  Hamelshar 

depth, cm 

Ao 

Rock  fragments  cover  the  surface,  average  2-3cm  in  diame¬ 
ter. 

Av 

0-  1 

Loamy  silt;  friable;  very  pale  brown  10YR7/3  dry. 

B 

1-  10 

Loamy  silt  with  30%  pebbles;  friable  structure;  reddish  yel¬ 
low  7.6YR8/6  dry. 

BC 

10-  3S 

Soil  in  pockets  of  the  eroded  rock;  reddish  yellow  7.5YR6/6 
dry. 

B.. 

as-  60 

Discontinuous  gypsic  layer  in  rock  cracks,  and  some  fines. 

*  i 

I 


t 
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M  S«min*<l«  Soil 
d«ptb,ein 


Southern  Negev  —  Mount  Berekh 


Ao 

Rock  ftagmenta  cover  100%  of  the  surface,  average  3-4cm 
in  diameter. 

A, 

0-0. E 

Vesicular  layer;  weak. 

AB 

O.G'  6 

Silty  with  some  gravel. 

c.. 

6-  40 

Shattered  gravel  with  Bnes;  loose;  reddish  yellow  7.5YR6/8 
dry,  strong  brown  7.5YR5/8  wet. 

61  ] 

LIthoaol 

depth, ctu 

Judean  Desert  --  Mlspe  £[asaion 

A© 

Desert  pavement  of  chalk  gravel,  50%  of  the  surface. 

K 

0-  2 

Very  gravelly  (30%),  fine  sandy  loam;  vesicular  layer,  mas¬ 
sive;  soft;  very  pale  brown  10YR8/3  dry,  yellowish  brown 
10YR5/8  wet;  clear  boundary. 

B 

2-  22 

Very  gravelly  (30%)  loam;  pink  7.5YR7/4  dry,  strong  brown 
7.5YR5/b  wet;  abrupt  boundary. 

^i«i 

32-  44 

Gypsutu  crust  with  some  weathered  chalk. 

c,.. 

44* 

Weathered  chalk. 

64 

Lithoaol 

depth, cm 

Northen  Negev  —  Sde  Bokcr 

A 

0-  36 

Clay  loam;  loose;  some  repots;  light  yellowish  brown 
10YR8/4  dry,  yellowish  brown  10YR5/4  wet;  gradual  boun¬ 
dary. 

C 

86-  60 

Similar  to  above  layer,  with  less  roots. 

66 

Lithoaol 

depth, cm 

Northern  Negev  --  Sde  Boker 

A 

0-  10 

Sandy  clay  loam;  suhangular  blocky  structure;  loose;  many 
roots;  very  pale  brown  10YR7/4  dry,  yelowish  brown 
10YR5/4  wet;  abrupt  boundary. 

A, 

10-  10 

Gravelly  layer  (80%)  of  average  20cm  in  diameter;  sonic 
fines. 

BC 

80  -  EE 

Clay;  subangular  blocky  structure;  loose;  40%  gravel  with 
max.  8cm  in  diameter;  lime  nodulea  up  to  2cm  in  diameter; 
very  pale  brown  10YR7/4  dry  and  wet;  gradual  wavy  boun¬ 

dary. 

66-  70 

Clay;  masaive  structure;  friable;  gradual  boundary. 
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C... 

70* 

Clajr;  maatiTa  atrueture;  7617  P^le  brown  10YR8/4  dr}', 
10YR7/4  wet. 

M  LIthoaol 

depth, cm 

Northen  Negev  —  Sde  Boker 

A 

0-  30 

Clay  loam;  maaaive  atrueture;  friable  ;  many  roots;  very 
pale  brown  10YR7/4  dr}r,  yellowiah  brown  10YR5/4  wet; 
gradual  boundary. 

c, 

30-  86 

Clay  loam  to  aandy  clay;  flaky  structure;  friable;  80-90% 
cobblea  8-12cm  in  diameter;  very  pale  brown  10YR7/4  dry, 
yellowiah  brown  lOYRS/4  wet;  gradual  boundary. 

C, 

86-  60 

Sandy  clay  with  eroded  rock  fragments;  loose;  very  pale 
brown  10YR8/4  dry,  very  pale  brown  10YR7/4  wet;  wavy 
gradual  boundary. 

fi7  Saroaem  Soil 

depth, cm 

Jordan  Valley 

A, 

0-  10 

Loam;  lime  cryatala;  hard;  very  pale  brown  10YR7/3  dry, 
light  yellowiah  brown  10YR7/3  wet;  clear  wavy  boundary. 

10-  36 

Silt  loam  to  silty  clay  loam;  crumb  structure  to  vesicular; 
hard;  very  pale  brown  10YR7/3  dry,  light  yellowiah  brown 
10YR6/4  wet;  gradual  boundary. 

AC 

36'  60 

Silty  clay  loam;  maaaive;  gradual  boundary. 

c... 

60'  63 

Similar  to  above  layer;  with  white  mottles  and  gypsum  rry- 
stala;  soft;  gradual  boundary. 

c.,. 

62-101 

Similar  to  above  layer;  maaaive;  some  white  mottles  and 
large  gypsum  cryatala;  gradual  boundary. 

101-134 

Silty  clay  loam;  many  gypsum  and  lime  cryatala;  massive; 
hard;  white  5YR8/2  dry,  light  grey  Syr  7/2  wet;  gradual 
boundary. 

Cu. 

134-188 

Similar  to  above  layer;  lighter  color;  bedded  structure; 
gradual  boundary. 

Cu. 

138-167 

Silty  clay  loam;  gypsum  and  lime  crystals;  massive;  hard; 
very  pale  brown  10YR8/3  dry,  pale  brown  10YR6/3  wet; 
gradual  boundary. 

c,.. 

167-174 

Silt  loasm;  calcic;  masive;  hard;  white  5Y8/1  dry,  light 
grey  6Y7/2  wet;  abrupt  boundary. 

lie, 

174-316 

Lisan  marl;  silty  clay  loam;  hard;  white  SY8/2  dry,  pale 
yellow  5Y7/3  wet;  abrupt  boundary. 

lie, 

316-360 

Liaan  marl,  silt  loam;  hard;  white  6Y8/1  dry,  light  grey 
5YR7/2  wet. 
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M  ScroMBB  Boll 


JucUan  Donrt  —  Rugm  Bn  Naqn 


4Uptk,em 

Ag  Gov«r  of  flint  grnT*!  nnd  •tonei;  50-70%  of  tka  •vrfaee. 


A 

0-  U 

Cnlanraoua  gravelly  (20%)  ellt  loam;  faint,  fine  anbanguylar 
blochy  etrnetttra;  looaa  to  ilightly  hard;  light  yellowish 
brown  10YR6/4  dry,  atrong  brown  7.6YR6/0  wet;  clear 
boundary,  with  many  atones. 

®^a«« 

ta-  *0 

Siightly  grarally  (5%)  silty  clay  loam  with  many  (30%)  soft 
lima  nodulaa;  strong,  flna  snbangnlar  bloeky  structure; 
hard;  brown  7.SYR5/4  dry  and  wet;  wavy  boandnry. 

M-  71 

Slightly  grarally  (5%)  silty  clay  loam  with  some  soft  lima 
flecks  and  soma  mycalia  of  cryatallina  gypium;  masaive 
slightly  hard;  brown  7.5YRS/4  dry  and  wet;  wavy  boun¬ 
dary. 

71-  M 

Silty  clay  loam  with  many  mycalia  of  crystalline  gypsum; 
massive,  bard;  vary  pals  brown  10YR7/4  dry,  light  yellow¬ 
ish  brown  lOYRO/4  wat;  clear  boundary. 

no,. 

Massive  silty  loam  disintegrating  chalk  with  gypsum  cry¬ 
stals;  very  hard,  pinkish  grey  7.5YR7/2  dry,  pink  7.5YR8/4 
wet;  gradual  boundary  to  the  underlying  soft  rock. 

50  Grntrolly  Ragoaol 
depth, cm 

Southern  Negev  —  Mount  Amram 

Aj 

Angular  rock  fragments;  pebbles  average  5cm  in  diameter; 
max.  cobbles  lOcm. 

c. 

o 

1 

o 

Shattered  pebbles  grading  at  depth  from  large  to  small,  max. 
5cm  in  diameter;  salts;  brownish  yellow  1OYR6/0  dry,  yel¬ 
lowish  brown  10YR5/8  wet. 

c. 

40-  ao 

Shattered  pebbles  with  some  salts;  yellow  10YR7/8  dry,  yel¬ 
lowish  brown  10  YRS/6  wet. 

•0  Grovolly  Rogoaol 
depth, cm 

Southern  Negev  —  Mount  Amram 

Angular  gravel;  average  of  10cm  in  diameter,  covers  the 
surface. 

0-  t 

Small  pebbles  without  fines,  average  0.5cm  in  diameter;  well 
sorted;  massive;  well  compacted;  -10%  fine  earth;  yellow 
10YR7/4  dry,  strong  brown  7.8YR6/6  wet. 

ia>  87 

Small  pebbles  of  average  1cm  in  diameter;  well  sorted; 
massive;  some  fines  coating  the  stones. 

a7-  48 

Pebbal  sand  cobbles  average  1cm  in  diameter;  max. 

lS-20cni;  10%  fine  aarth;  medium  aonlng;  matilve;  ^allotr 
10YR7/5  dry,  yallowiah  brown  10YR5/8  wet. 


G3S 


42-  60 


P«bblef  of  tTorkfe  1.6cm  in  di»meter;  well  completed;  tome 
fiaet  coating  tk«  ttonti. 


The  compacting  of  the  profile  it  loote. 


•1  Qravallp  Rngoaol 
depth, cm 

Ao 

A,  0-  2 

Cj  2-  ao 

Cj  so-  60 

Cl  60-  70 

C,  70-  06 


C,  06-186 


Southern  Negev  —  Mount  Atnrnm 


Rock  fragmentt  cover  100%  of  the  surface. 

Veticalar  layer,  veticlet  of  3-4mm  in  diameter;  wavy  boun¬ 
dary;  tome  pebbles  intruded  from  the  above  layer. 

Pebblet  of  average  4.S-5cm  in  diameter,  max.  10cm; 
medium  sorting;  imbricate  structure;  massive;  loote;  .10% 
of  fines  coating  the  stones. 

Pebblet,  average  2cm  in  diameter,  max.  4cm;  well  sorted; 
massive;  40%  fines  fill  the  spaces  between  the  stones; 
brownish  yellow  10YR6/6  dry,  yellowish  brown  lOYRS/S 
wet. 

Pebbles,  average  Sem  in  diameter;  20%  line  earth;  loote. 

Small  pebbles;  average  Icm  in  diameter,  with  granules; 
10-15%  of  fine  earth;  salts  are  coating  the  stones;  tome  of 
the  pebbles  are  shattered;  compact  packing;  light  yellowish 
brown  10YR6/4  dry,  dark  yellowish  brown  10YR4/6  wet; 
ciear  boundary. 

Angular  pebbles  of  average  2.5-3cm  in  diameter;  most  of 
the  pebbles  are  shattered;  salt  crystals  cover  many  stones; 
from  depth  of  110cm  downward,  many  salt  and  gypsum  cry¬ 
stals;  light  yellowish  brown  lOYRO/4  dry,  brown  to  strong 
brown  7,6YR5/4-0  wet. 


02  Gravelly  Regosol 
depth,cm 


Eastern  Sinai  —  Wadi  Mukelblla 


A© 

0-  10 

Well  developed  desert  pavement  covers  06%  of  the  surface; 
medium  sorting. 

C. 

10-  36 

Unsorted  gravel  with  many  fines. 

s 

36-100 

Fines  with  some  unsorted  grit  and  pebbles;  loose. 

The  profile  contains  40-50%  fine  earth. 

Wiatern  N*(«v  —  Mouot  Q«i>«n 


M  Dun*  8nnd 

Pll  No. 

^  CltmbiBg  dnm*  from  w*tt  to  aatt. 

^  Activ*  MBd  4oa«  at  a  rlr*r  bank,  northaa  tlope, 

®  Stablliaad  aaad  duaa  at  a  rlrar  bank,  upper  cruet  (l-8cm) 

•  Friable  eaad  dune  at  a  rirer  bank  (50em) 


«• 

AiluvInI  flsnd 
depth, cm 

Waatarn  Nagav  —  Ba'eri 

A 

0-  M 

Loamy  eaad;  maetlve  etrncture;  bard;  light  yellowiih 
brown  lOYRe/4  dry,  yelowUb  brown  10YR6/6  wet;  gradual 
boundary. 

B.. 

4a-ioa 

Sandy  loam;  hard  carbonate  nodulei  (-10%)  lem  in  dimeter; 
hard;  fiYRe/4  dry,  dark  yellowieh  brown  10YR4/8  wet- 
gradual  boundary.  ’ 

c. 

108-114 

Sand;  aome  hard  carbonate  nodulei  (.2%);  hard  ;llght  yel¬ 
lowieh  brown  10YR6/4  dry,  yellowish  brown  10YR5/8  wet- 
gradual  boundary.  ' 

c, 

188-180» 

Similar  to  above  layer,  with  lees  carbonate  nodulei;  very 
pale  brown  lOYR  7/4  dry,  ^ 

M 

Alluvial  Sand| 
depth, cm 

Weatern  Negev  —  Klaeoflm 

A 

0-  38 

Sand  to  sandy  loam;  friable;  yellowish  brown  10  YRS/4  dry 
yellowish  brown  lOYR  4/4  wet. 

B„ 

34-  78 

Sandy  loam;  some  hard  carbonate  concretions  (2-3%) 
O.S-lcm  In  diameter;  maiiive  to  crumby  structure;  light 
yellowish  brown  10YR8/4  dry,  yellowish  brown  10YR5/4 
wet;  gradual  boundary.  ' 

B.. 

78-108 

Similar  to  above  layer;  Yellowish  brown  10YR6/8  wet; 
gradual  boundary. 

108-148 

Sand;  hard  carbonate  nodules  (10%)  O.S-lcm  in  diameter 

rellowish  brown 

10  YRe,6/4  dry,  yellowish  brown  lOYRS/B  wet;  gradual 
boandftr/. 

Cue 

148-aiO 

Similar  to  above  sand,  coarser  and  loose. 

c. 

aio-800 

Similar  to  above  sand  with  very  little  amount  of  small  ear- 
boaate  concretions. 

•T  AlluvJ*!  Sand  Wettarn  Negev  -  KlesoHm 

depth, cni 


A 

0-  at 

Send  to  eandy  loam;  friable;  light  yellowish  brown 
10YR8/4  dry,  yellowish  brown  10YR5/4  wet;  gradual  boun¬ 
dary. 

ai-  80 

Sandy  loam;  some  hard  carbonate  nodules  (-5%);  masiYc 
structure;  light  yellowish  brown  10YR6/4  dry,  yellowish 
brown  1C  YR5/fi  wet;  gradual  boundary. 

c* 

ao-ioi 

Sand;  some  hard  carbonate  nodules  (-2%);  massive  to  loose; 
light  yellowish  brown  10YR6/4  dry,  yellowish  brown 
10YR6/6  wet;  gradual  boundary. 

C, 

101-176 

Similar  to  above  layer;  light  yellowish  brown  to  yellowish 
brown  i0YR5.S/4  dry  and  wet. 

M  Sandy  Regoeol 
depth, cm 

Western  Negev  —  Y'amll 

A 

0-  40 

Massive  rand;  soft;  very  pale  brown  10YR7/4  dry,  light  yel¬ 
lowish  brown  10YR8/4  moist;  gradual  boundary. 

c... 

40-100 

Massive  sand,  somewhat  finer  with  few  hard  lime  nodules 
(Smm);  gradual  boundary. 

100-140 

Masive  sand  with  more  hard  lime  nodules  {2-3%)  which  de¬ 
crease  in  number  with  depth;  gradual  boundary. 

Cf 

140-260 

Coarser  sand  without  lime  nodules,  from  190cm  downward 
the  sand  becomes  finer  again. 

tl  Brown 

Alluvial  Soil 

depth  ,cm 

Jordan  Vailcy  —  Fataael 

A 

0-  17 

Gravelly  (-50%)  silt  loam;  subsngular  blocicy  structure; 
calcareous;  hard;  very  pale  brown  10YR7/3  dry,  yellowish 
brown  10YR5/4  wet;  wavy  boundary. 

»•.. 

17-  44 

Very  gravelly  (-70%)  silt  loam;  many  big  lime  mottles; 
petrocalcic  horison  in  developement;  subangular  blocky 
structure;  hard;  light  brown  7.5YR8/4  dry,  brown  7,5YR5/4 
wet;  wavy  boundary. 

B,.. 

44-  70 

Similar  to  above  layer,  coarser  sandy  loam;  lots  of  lime 
mottles;  wavy  boundary. 

B... 

70-112 

Gravelly  (-80%)  sandy  loam;  lime  mottles;  loose;  light 
brown  7.5YR6/4  dry,  brown  7.5YR6/4  wet;  wavy  boundary. 

C 

112-160 

Similar  to  above  layer;  about  70%  gravel;  no  lime  mottles. 

C28 


Jordan  V*ll«f 


f§  BfMTB  AIIvtIbI  tall 

•-  • 

•-  M 

14-  tt 

•t-ltl 

Itl-ltS 

lM-144 

144-IM 


Qravtlljr  (-M9t)  loaaii  ermmbly  to  flat;  •troetoio; 
calcortoMi  baidi  vary  poU  blows  10YR7/I  dry,  light  y«l- 
lowUb  biowa  lOYRI/4  wat{  wovy  booadary. 

Loan  witb  gtavol  (•t09l)t  caUaio«i(|  »aalT*  itrictort) 
baidi  vary  poU  bfowa  10YR7/I  dry,  light  yollowUh  brows 
lOYRt/d  wott  wavy  boasdary. 

Loamy  aasd  with  graral  (-70%)  maaairo  k'.  .  *ts>a; 
calcaioosat  Ioom;  Tory  paU  brows  10YR7/I  dry,  II)  .*'•  • 
lowUh  brows  lOYRO/4  wot;  abrapt  waoy  bossdary. 

Sasdy  loam  with  grarol  (-70%);  maaalTo  slroctsro) 
calcaroosoi  loot;  oorypalo  brows  10YR7/I  dry,  light 
yollwoolh  brows  lOYRO/4  wot;  wary  bossdary. 

Slit  loam  with  grsTol  (-70%);  msMloo  to  platy  atrsasro; 
calearoooo;  hard;  Tory  pals  brows  lOYRO/l  dry,  I0YR7/S 
wot;  wary  bossdary. 

Loam  with  soma  graool  (-10%);  earbosato  eoscistloss  asd 
myeolla;  maaslTo  atractaro;  eramby;  Tory  pals  brows  lOYR 
7/t  dry,  light  yollowlih  hrows  lOYRI/4  wot;  wsoy  boss¬ 
dary. 

Loam  with  graTol(-70%)|  maulTo  straetaro;  ealcaiaoss; 
loots;  Tory  pals  brows  10YRI/>  dry,  10YR7/4  wot. 


71  Brows  AIIutIsI  Soil 
doptb,cm 

0-  10 

10-  10 


•4-  •• 


M-  71 

74-  00 


00-  too 


JordsB  Vsiloy 


Loam  with  torn*  grarol  (-4%);  eramby;  whlto  lOYRI/2  dry, 
Tory  paU  brows  10YR7/S  wot;  wary  boundary. 

Silty  clay  loam  witb  oomo  gravol  (-(%};  martiTo  straetaro; 
eateaiooas;  bard;  Tory  pals  brows  10YR7/3  dry,  light  yol- 
lowitb  brows  lOYRt/4  wot;  gradual  bossdary. 

Loam  with  tomo  grartl  (.10%);  masslfo  strueturs; 
ealearooat;  hard;  Tory  palo  brows  10YR7/S  dry,  light  yol- 
lowish  brews  10YR6/4  wot;  wary  boundary. 

Sandy  loam  with  grarol  (-70%);  loose;  whits  lOYRS/3  dry, 
light  gray  10YR7/3  wot;  wary  boundary. 

Grarolly  (-00%)  with  soma  sandy  loam;  salty  and  calcars- 
oss;  loose;  light  gray  10YR7/3  dry,  pale  brown  10YR6/3 
wot;  abropt  boundary. 

Lisas  marl  —  silty  clay  loam  with  seme  graosl  (-6%); 
massiTS  to  platy  straetaro;  ealearsous;  hard;  whits 
lOV  Mf'i  dry,  light  gray  10YR7/1  orst;  gradual  boundary. 


089 


108-170 


Liian  mkri  —  •ilty  clay  loam;  platy  itructurc;  hard;  very 
pale  brown  IOYR7/3  dry  and  wet. 


7t  Brown 

Alluvial  Soil 
depth, cm 

Jordan  Valley 

A 

0-  IS 

Loam  with  some  gravel  (-10%);  salty  and  calcareous;  loose; 
very  pals  brown  10YR7/S  dry,  yellowish  brown  10YR6/4 
wet;  wavy  bounday. 

Cr 

16-  40 

Loam  with  gravel  (”>■  '■')%)',  massive  to  loose;  salty  and 
calcareous;  very  pale  brown  10YR7/3  dry,  yellowish  brown 
10YR6/4  wet,  clear  wavy  boundary. 

c. 

O 

1 

Loamy  sand  with  gravel  (-25%);  salty  and  caicarous;  loose; 
vary  pale  brown  10YR7/3  dry,  light  yellowish  brown 
10YR6/4  wet;  wavy  boundary. 

c. 

76-107 

Loamy  sand  with  gravel  (-50%);  massive  to  loose;  salty  and 
calcareous;  very  pale  brown  10YR7/3  dry,  light  yellowish 
brown  10YR6/4  wet;  wavy  boundary. 

c, 

107-  140 

Sandy  loam  with  gravel  (-40%);  loose;  salty  and  alcareous; 
very  pale  brown  10  YR7/3  dry,  light  yellowish  brown 
IOYRO/4  wet;  abrupt  boundary. 

Cc. 

140-163  . 

Petrocalcic  borison,  highly  cemented. 

lie. 

163-180 

Lisan  mare  beds;  silty  clay  loam. 

7S  Grumuaol 

depth, cm 

Western  Negev 

A 

0-  16 

Silty  clay  loam;  hard;  brown  7.5YR5/4  dry,  brown  to  dark 
brown  7.5YP4/4  wet;  wavy  boundary. 

Bi 

18-  80 

Similar  to  above  layer;  coarse  columnar  structure;  hard; 
gradual  boundary. 

B* 

30-  87 

Clay,  coarse  columnar  structure;  hard;  brown  7.5YR5/4 
dry,  brown  to  dark  brown  7.5YR4/4  wet;  gradual  boundary. 

B, 

67-120 

Similar  to  above  layer;  blocky  structure  with  slickensides; 
some  carbonate  nodules  (1-2%)  4-5cm  in  diameter. 

B,e. 

120-180 

Ciay,  carbonate  concretions  (5%);  black  mycelia  of  man¬ 
ganese  on  aggregates;  gradual  boundary. 

B... 

180-200 

Similar  to  above  layer;  with  slickensides;  reddish  brown 
8YR4/4  dry  and  wet. 

74  Grumuaol 

depth, cm 


Ao 


Caetern  Samarlan  Mountains  —  Ma’al^  Efralm 


.'^ome  limestone  gravel  is  found  on  the  soil  surface. 


G30 


10-  40 


B,  40-  76 
B,  76-136 
B,  136-  60 


Cftlcareout  cl»y;  wide  cracks,  23-30cm,  fine  platy  structure; 
very  hard;  reddish  brown  5YR4/4  dry  and  wet;  gradual 
boundary. 

Similar  clay  with  very  coarse  columnar  structure  and 
secondary  platy  structure;  cracks. 

Similar  clay  with  polyhedric  bicuneate  structure; 
indistinct  boundary. 

Similar  clay  with  few  hard  lime  concretions;  dark  reddish 
brown  5YR3/4  dry  and  wet. 


76  Grumuaol 

depth, cm 

A,  0-  4 

A,  4-  31 

B,  31-  46 

B,  48-  eo 

B,  eo-i3c 


Jordan  Valley 


Silty  clay  loan.;  calcareous;  aggregate  to  platy  structure; 
hard;  yellowish  brown  10YR5/4  dry,  brown  to  dark  brown 
10YR4/3  wet;  abrupt  boundary. 

Silty  clay  loam  to  silty  clay;  calcareous;  columnar,  massive 
structure;  hard;  light  yellowish  brown  10YR6/4  dry,  brown 
to  dark  brown  10YR4/3  wet;  gradual  boundary. 

Silty  clay;  coarse  blocky  structure;  calcareous;  aggregates 
coated  with  clay;  very  hard;  brown  to  dark  brown  7.5YR4/4 
dry  and  wet;  gradual  boundary. 

Silty  clay;  calcareous;  blocky  structure;  aggregates  coated 
with  clay;  diagonal  slickensides  ;  hard;  brown  to  dark 
brown  7.5YR4/4  dry  and  wet;  gradual  boundary. 

Similar  to  above  layer;  brown  7.5YR5/4  dry,  brown  to  dark 
brown  7.5YR4/4  wet;  gradual;  boundary. 


G.8.1  SELECTED  SOILS  AND  DEPOSITS  —  DATA 


No.  Soli  Typ«; 

Ttp*  of  Surticlal 
Dopoilt 


1.  LooiiLtl  Soil 


2.  Lo«lil»l  Soil 


3.  Lo«m1»1  Soil 


i.  Bro«n  l^itltl 
Soli 


S.  Bro«a  Looailkl 
Soil 


6.  Broas  Loafiltl 
Soli 


7.  Light  Broan 
Loaiflal  Soil 


6.  Light  Brcan 
Loatilal  Soli 


Pbjalographlc 

Unlt/Landfora 

Pit  Slta 

Local  Parant 

Matarlal 

CllBata 

(P.aa/yr) 

Ragloo, 

Location 

Coordln&t*t 
(larftel  Grid) 

Soli 

Horizon 

D«ptha  I 

CB  ' 

Lo«ifilAl  Plftin 

Loaaa 

Seai-ftrld 

Northaeatam 

1109  0938 

A 

0 

-  30 

(330) 

N*g«Y.  Nstlvot 

Afi 

30 

-  BO 

®bca 

60 

-  86 

®bca 

86 

-100 

Allualil 

• 

L.-—;aa 

Saal-arld 

laatam  Nagar 

0938  0340 

A 

0 

-  40 

Tarraca 

(270) 

B 

40 

-  77 

B 

77 

-112 

Bb 

112 

-168 

Bb 

163 

-180 

Bb 

130 

-210 

Loaialal  Plala 

Loaaa 

Sasl-arld 

laatam  Nager 

0908  0337 

0 

-  27 

(260) 

*3 

27 

-  70 

Cl 

70 

-  97 

Cl 

97 

-144 

Cl 

144 

o 

*-4 

C2 

160 

-200 

Allanal 

Loaaa 

Saal-arld 

ffaatam  Nagar 

1024  0383 

A 

0 

-  23 

Tarraca 

(300-360) 

A 

28 

-  52 

Bca 

62 

-  98 

Cl 

98 

-120 

Cj 

120 

-160 

ItadulatlJDg 

Plataaa- 

Loaaa 

Saal-arld 

taatam  Nagar 

1032  0382 

A 

0 

-  42 

Hill 

Dlrlda 

(300-360) 

Bca 

42 

-  78 

Cl 

78 

-101 

Bb 

101 

-120 

Bb 

120 

-188 

Hlllalopa 

• 

Loaaa 

Saal-arld 

laatam  Nagar 

1023  0880 

A 

0 

-  44 

(800-360) 

Bl 

44 

-  67 

B2ca 

67 

-  88 

BC 

83 

-118 

C 

118 

-180 

Hlllalopa 

Loaaa 

Saal-arld 

laatam  Nagar 

1033  0377 

A 

0 

-  28 

(300) 

Bica 

28 

-  46 

B2ca 

46 

-  65 

BC 

66 

-  90 

Cl 

90 

-130 

Cj 

130 

-200 

Hlllalopa 

Loaaa 

Saal-arld 

laatam  Nagar 

0963  0370 

A 

0 

-  30 

(276) 

Bzca 

30 

-  00 

B3c» 

80 

-113 

Cl 

113 

-160 

Cj 

180 

-210 

G32 


Coordln&t«i 
(Unol  Grid) 

Soli 

Korl2'- 

DopU. 

ct 

Electricxl 

ConduetlTlby, 

BAbo/cn 

C/piUA , 

% 

Sand. 

% 

Silt. 

% 

Clay. 

% 

Color, 

dry 

Color, 

w«t 

•  t  •m 

1109  0938 

A 

0 

-  30 

0.6 

- 

9.2 

63.4 

37.2 

10YR6/4 

9YR4/4 

AB 

30 

-  bO 

0.7 

- 

11.4 

62.4 

26.0 

lOYRB/4 

lOYRB/4 

60 

'  86 

1 .0 

- 

7.7 

4B.2 

44.1 

7.BYR4.6/4 

7.6YR4/4 

^bca 

0b 

'100 

1.6 

- 

0.9 

46.0 

44.1 

7.BTm6/4 

7.5YR4/4 

Hog«» 

0936  0B40 

> 

0 

'  40 

n.4 

- 

63.6 

29.6 

18.0 

10Y16/4 

10YR4/4 

B 

40 

'  77 

0.4 

- 

66.4 

29. 9 

16.7 

lOYRO/4 

lOYRB/4 

B 

77 

'112 

0.6 

- 

66.6 

26.3 

17.9 

- 

- 

112 

-168 

1.7 

- 

62.6 

28.1 

2!. 4 

10YT^6/4 

10YR4/4 

Bb 

iba 

-160 

3-  3 

- 

44.2 

29  6 

26.3 

1DYR5/4 

10YR4/4 

Bb 

ISO 

'210 

3.4 

- 

40.  C 

33.2 

21.8 

10Y116/4 

10YR4/4 

\  Neg«T 

0906  0a^7 

0 

-  21 

0.7 

- 

70.  . 

9.0 

10YR5/4 

10YR4/4 

*3 

27 

-  70 

0.6 

- 

63. e 

8.0 

10YR6/4 

10YR5/B 

70 

-  37 

0.4 

- 

83.0 

.2 

7.1 

- 

lOYRB/B 

Cl 

87 

-144 

0.3 

- 

76.6 

.6.1 

8.2 

- 

- 

Cl 

144 

-160 

0.7 

- 

80.2 

26.2 

13.6 

- 

- 

C2 

leo 

200 

0.6 

' 

72.1 

18.0 

9.0 

• 

- 

- 

)024  ose3 

A 

0 

-  28 

0.6 

- 

35.2 

44.1 

20.7 

10YR6.B/4 

10TR4/4 

A 

26 

-  62 

1.5 

- 

29.6 

46.5 

21.9 

- 

- 

8c4 

62 

-  W6 

0.9 

' 

27.9 

46.4 

25.7 

10Y116/4 

lOYRB/4 

Cl 

96 

-120 

1.4 

- 

30.0 

42.3 

18.7 

- 

• 

C2 

120 

-130 

l.V 

- 

40.8 

41.0 

18.2 

- 

- 

n  NtgcT 

10.^2  0062 

A 

0 

-  42 

0.8 

- 

46.7 

37.8 

16.5 

10YR6/3 

10YT16/4 

Bci 

42 

-  78 

0.6 

- 

86.1 

45.8 

18.3 

10Y86/4 

lOYRB/4 

f 

Cl 

70 

-101 

0-6 

36.6 

46.3 

IS. 2 

- 

- 

Bb 

101 

-120 

0.0 

- 

28. B 

60.6 

20.7 

OTfHB/e 

10YR4/4 

Bb 

120 

-166 

0.0 

- 

27.7 

60.0 

23.3 

OYR6/6 

10YR4/4 

Tk  NegtT 

1026  0680 

A 

0 

•  44 

0.6 

- 

34.2 

37,6 

28. 2 

lOYRB/4 

10YR4/4 

**l 

M 

-  67 

0.5 

- 

32.0 

38.2 

29.8 

- 

- 

Boci 

67 

-  88 

o.e 

- 

34.3 

36.1 

29.6 

lOYRB/4 

::yr4/4 

BC 

88 

-116 

1.0 

- 

38.6 

36.7 

26,7 

lOYRS/A 

10yR4.B/4 

c 

U6 

-160 

1.2 

- 

39.4 

40.9 

19.7 

- 

- 

'n  Nfg«f 

10B3  0877 

A 

0 

-  28 

0.6 

- 

- 

17.9 

12.3 

10YI16/4 

10yR4/4 

B2ci 

26 

46 

0.4 

- 

- 

- 

16.2 

7.BYR7/4 

7.6YIIB/6 

Boci 

4b 

-  6b 

C.4 

- 

- 

- 

13.7 

- 

- 

BC 

66 

-  90 

0.4 

- 

- 

- 

10.9 

7.BYR6/4 

7.BYR6/6 

Cl 

90 

-130 

0.4 

- 

- 

- 

7.4 

7.BYR6/4 

7. BYRD/6 

C2 

130 

-200 

0.6 

- 

- 

- 

4.9 

7.BYR7/4 

7.5YRB/6 

m  Noger 

0963  0870 

A 

0 

-  30 

1.3 

- 

69.4 

20,7 

9.0 

;0YR7/3 

10YT16/6 

B2ci 

30 

-  BO 

0.4 

- 

72.4 

19-6 

8.1 

10YR6/4 

)0YR6/6 

B3c. 

80 

-113 

0.4 

- 

79.7 

13.9 

6.4 

- 

- 

Cl 

113 

-160 

0.4 

- 

87.4 

9.1 

3.6 

10YR//4 

10YH6/6 

C2 

180 

-210 

0.3 

- 

96.6 

2.8 

0.8 

10'ni7/4 

lOYRD/S 

Soil  Tfpo; 

Type  of  SurflcSei 
Deposit 

Fbyslograpblc 

Unlt/Landforc 

Pit  Site 

Local  Parent 

lUterlal 

Cllnate 

(P.am/xr) 

Region , 

Location 

Coordinates 
(Israel  Grid) 

L?.ght  Brom 

Lee  g  0 1  a  1  Soil 

HI  1 islope 

Lower 

Hlllelopa 

Chalk 

Arid 

(06) 

Northern  Negew, 
Sde  Boker 

1270  0310 

Loeslial  Serozen 

Soil 

Undulating 

Hill 

Plftteau- 

Hlllelope 

Crest 

Loese 

Arid  to 
Moderately 
Arid 
(160) 

Western  NegeT. 

Be  'er  Sbewa 

1301  0700 

Loeiflal  Serozea 

Soil 

Klllelope 

Lower 

Hlllelope 

Chalk 

Arid 

(86) 

Northern  Negev, 
Sde  Boker 

1270  0310 

LoMtlkl  S*roza> 

Soil 

Hilldopa 

Lower 

HlUelope 

Colluflua 

Arid 

(85) 

Northern  Negev, 
Sde  Boker 

1270  0310 

Loeieial  Serozea 

Soli 

Plateau 

Plateau- 

Saddle 

Loese 

Arid 

(80) 

Northern  Negev, 
Sde  Boker 

1310  0284 

Loeiilal  Serozea 

Soli 

AlluTlal 

Terrace 

- 

Loeee 

Moderately 

Arid 

(230) 

Judean  Desert, 
RuJuD  D.  Naga 

1772  1044 

Loeis 

Archaoologlca. 

Site 

Inside 

Ruin 

Fill 

Loose 

ExtraBal7 

Arid 

(00) 

Central  Negev, 
lUXhteeh  Raeon 

1440  0016 

S'^ll  Depth, 

Horizon  cm 


A 

0 

8 

3l 

8 

-  20 

^204 

20 

-  40 

Cca 

40 

-  66 

A 

0 

-  12 

Blca 

12 

-  33 

02Ba 

33 

-  61 

®28a 

61 

-  01 

®b2c:i,aa 

01 

-141 

^b2ca.sa 

141 

-101 

A 

0 

-  17 

Bl 

17 

-  40 

Bj 

40 

-  CO 

®2ca 

30 

-  78 

^2ct,r.t 

78 

-100 

A 

0 

-  12 

Bl 

12 

-  26 

B2 

25 

-  46 

B2ca,ca 

46 

-  66 

B2ca,ca 

es 

-  86 

B2c«,ca 

36 

-110 

B2cB,ca 

110 

-130 

*1 

0 

-  10 

^3 

10 

-  22 

Biia 

22 

-  3B 

B2ca 

35 

-  70 

B3 

70 

-  82 

Cl 

62 

-106 

Cl 

106 

-132 

Bb 

132 

-166 

A 

0 

-  IB 

Blca 

16 

-  40 

B2ci 

40 

-  68 

B2 

68 

-107 

Bocb 

107 

-160 

Bbci 

160 

-180 

0 

-  10 

10 

-  30 

ao 

-  66 

66 

-  60 

60 

-  76 

76 

-  86 

G  33 


Coordlnetee 
( larftel  Grid) 

Soil 

Horlz-n 

Dept  b , 

CR 

Electrical 

Conductivity, 

flUtbo/CB 

CypsuBa 

% 

Sand, 

% 

Silt. 

% 

Clay. 

% 

Color, 

dry 

Coior, 

wet 

Negev , 

1270  0310 

A 

n 

8 

0.6 

- 

29.4 

39.? 

31.0 

10YR7/4 

10YR6/4 

r 

B; 

.4 

-  10 

0.4 

21.6 

36  E 

47.0 

10YR7/4 

1  r.YRC  '4 

B2c» 

23 

40 

0.4 

- 

16.6 

33.2 

47.2 

10YI17/4 

10YR6/4 

Cc4 

40 

-  66 

1.4 

- 

12.7 

20.0 

68.3 

10YH7/4 

10YR7/4 

Negev. 

1301  0700 

A 

C 

12 

4.3 

- 

35.2 

48.6 

16. 0 

10YR7/3 

10YR6/4 

ev4 

®lc» 

12 

-  33 

13.9 

- 

24.8 

63.4 

21.7 

1OY06/4 

10YR6/6 

33 

-  61 

14.6 

- 

24.4 

68.6 

16. a 

10YR6/4 

lOYRB/4 

B2a& 

61 

-  91 

21.0 

- 

30.0 

61.2 

IB. 8 

- 

- 

Bb2ca.li 

91 

-141 

19.1 

22.4 

64.8 

22.8 

10YK6/4 

10YR4/4 

Bb2ca,ia 

Ml 

-191 

18.4 

- 

24.4 

62.6 

23.0 

- 

- 

Negev. 

1270  0310 

A 

0 

-  W 

C.4 

31.4 

37. 9 

30.7 

10YR7/4 

10YR6/4 

■  r 

Bl 

17 

-  40 

1.0 

- 

23.6 

42.6 

33.9 

10Y67/4 

10YR7/4 

02 

40 

-  60 

2.2 

- 

18.9 

44.2 

36.9 

10YR7/4 

10YR7/4 

92ca 

60 

-  7(< 

7.3 

2,6 

IS. 9 

44.2 

36.9 

- 

- 

®2ca,c» 

78 

-100 

0.6 

4.0 

19.4 

46.6 

34 .  C 

10YR7/4 

10YR7/4 

1  Negev, 

1270  C3i0 

A 

0 

•  12 

0,7 

- 

33.8 

33.6 

32.6 

10rR7/4 

10YR6/4 

»r 

Bl 

12 

-  26 

6.7 

- 

33.2 

32.3 

34.6 

10YR7/4 

10YR6/4 

02 

26 

-  46 

13.4 

2.4 

29.0 

34.6 

36.4 

10YR6/4 

10YR6/4 

B2ea,ci 

4S 

-  65 

2C.0 

6.8 

33.1 

32,6 

34.3 

10YR7/4 

10YR8/4 

B2cf  ,cr. 

6*i 

-  86 

20.1 

3.7 

30.0 

33.7 

36.4 

10YK7,'4 

lOYRe/4 

B2ct,c» 

ai. 

'110 

26.9 

2.6 

34.3 

28.6 

36 .  u 

10YR7/4 

10YR6/4 

B2cg.,:» 

110 

-1.30 

26.0 

4.3 

29.3 

28.9 

41. a 

- 

- 

1  Neger. 

131C  0294 

*1 

0 

-  10 

1.4 

- 

41.9 

36.3 

21.8 

10'fR7/3 

10YR7/3 

»r 

As 

10 

■  22 

9.8 

0.6 

33.8 

41.0 

26.2 

lOYRT/a 

10YR7/3 

Blaa 

22 

-  36 

41.6 

3.6 

28.0 

46.6 

26.2 

- 

- 

B2ca 

.36 

-  70 

33.2 

1.2 

23.6 

43.4 

33.0 

7,6YR4.6/4 

7. 6', 1(4/4 

8.3 

70 

-  82 

33.2 

l.O 

25.6 

.30.1 

36.4 

7.bYR6/e 

7.6YR6/6 

Cl 

B2 

-106 

26.8 

0.9 

26.7 

40.7 

33.6 

lOYRe/4 

lOYHB/4 

Cl 

105 

-132 

30.2 

2.0 

26.5 

41.6 

32.9 

10YR6/4 

lOYRb/4 

Bb 

132 

-166 

27.4 

fl.2 

29.9 

40.9 

29.6 

6YR6/6 

6Y1tB/8 

Desert . 

1772  1044 

A 

0 

■  15 

2.0 

- 

28. e 

62  0 

16.3 

lOYRe.6/4 

10YH6/6 

n  N%gsi 

Blca 

lb 

-  40 

14.0 

- 

36.0 

40.6 

24.4 

lOYRe/4 

10YR6/4 

B2ca 

40 

-  68 

20.6 

- 

36.6 

37.2 

26.0 

7.6YR6/4 

7.6YK4.6/4 

92 

60 

-107 

18.8 

- 

36.6 

30.6 

24.0 

7.6YR6/4 

7.BYRB/4 

Baca 

107 

-150 

16.0 

2.0 

28.7 

44.0 

27.3 

7.BYH7/4 

7.BYH7/4 

Bbca 

160 

-180 

iU  e 

- 

23.7 

41.6 

34.8 

7.6YRB/4 

7.BYRB/4 

Neger. 

M4C  0016 

0 

-  10 

12.0 

4.1 

44  7 

49.6 

6.7 

10YR6/4-6 

10Y5b/6 

h  fUion 

10 

-  30 

16.1 

1.) 

63.2 

44.7 

2.1 

10YR5/6 

lCYRB/6 

30 

-  6b 

7.2 

6.2 

68.8 

38.0 

6.4 

10YR8/6 

10YR4/6 

b6 

■■  60 

20.7 

6.6 

33.0 

62.1 

4.9 

10Y36/6 

10YR6/8 

80 

-  76 

13.6 

la.b 

42.6 

66.6 

1.8 

2.6YRC/4 

2.bYB6/8 

75 

-  86 

24.6 

9.8 

44.8 

46.2 

10.2 

10YR7/4 

lOYRB/8 

No.  Soil  T)rp«:  Ph/alogriphlc  Pit  Bit*  Local  Paraot 

Typ*  of  Surflclal  Unlt/Luidfora  Hatarlal 

Dapoilt 


16.  Lo*ii  ArcbaaoLoglcal  2n*la*  Lo*** 

Sit*  Ruin 

Fill 

17.  Tiiyr  Soil  Play*  Playa-  Flna 

C«3t*r  AlluTlua 

18.  Takyr  Soil  Playa  Playa-  Fin* 

Nargln/  Alluvlua 

C«st*r 

19.  Takyr  Soil  Playa  Playa-  Fin* 

Canter  Allurlun 


30.  Takyr  Soil  Play*  Playa-  Cranlt, 

Margin/  Ignaoua, 

C«tit*r  Uataaorpblc. 

Llaattos*, 

Sandaton* 

31.  Soloncliak  Soil  Plataau  Plataau- 

Saddl* 


33.  Soloochak  Soli  Playa  -  Fin* 

AlluTlun 


38.  Solonehak  Soli  Playa 


Playa-  Fin* 

Margin/  Allurlua 
Cantar 


SI 


CllAAt# 

(PaM/yr) 

Rag ion, 

Location 

Coordlnataa 
(laraal  Grid) 

Soil 

Horizon 

Depth. 

cm 

Lxtro*»ly 

Southern  Neger, 

1464  9286 

0 

-  6 

Arid 

Uvda  Valley 

16 

-  26 

(60) 

Extraaaly 

Southern  Negev, 

1406  9267 

0 

-  30 

Arid 

Sabarut  Valley 

Cl 

30 

-  40 

(40) 

C2 

40 

-  70 

Extraaaly 

Southern  I.egav, 

1360  8920 

Al 

0 

■  12 

Arid 

Qa  En  Naqb 

Cc*,a* 

12 

-  60 

(3S) 

Cc*,aa 

60 

-  80* 

Extr«aal7 

Southern  Negev, 

1360  8916 

0 

-  6 

Arid 

Qa  Ed  Naqb 

^3 

6 

-  10 

(3S) 

^2ct,aa 

10 

o 

1 

B3 

20 

■  26 

C 

26 

-  40 

c 

40 

-  60 

Extraaaly 

Eaatam  Sinai, 

1298  8679 

0 

-  4 

Arid 

tadl  Mukelblla 

Cl 

4 

-  14 

(36) 

C2 

14 

-  60 

Seal -arid 

Eaitam  Saaarlan 

1896  1646 

*1 

0 

-  13 

(260) 

Mountain*. 

*3 

13 

o 

re 

t 

Ha'al*  Elrala 

Bj 

80 

-  60 

B2 

60 

-100 

B2ca 

ICO 

-120 

Extraaaly 

Dead  Saa, 

1864  0436 

0 

-  2 

Arid 

Eln  Taaar 

2 

-  14 

(60) 

14 

-  30 

30 

-  60 

60 

-  74 

74 

-no 

110 

-130 

130 

-160 

160 

-180 

180 

-210 

Extraaaly 

Southern  Arara, 

1610  8966 

0 

-  3 

Arid 

Avrona  Playa 

2 

-  10 

(30) 

2 

-  16 

16 

-  26 

16 

-  36 

42 

-  36 

42 

-  75 

n 

Coordlnaiaa 
(lirael  Grid) 

Soli 

Horlzor. 

Depth  a 

ca 

Ellectrlcftl 
ConductlTlty , 
BAho/ca 

Gypiua. 

% 

Sand, 

X 

Slit. 

X 

ClAT, 

X 

Color, 

dry 

Color , 

wot 

r. 

US4  9260 

0 

-  5 

0.3 

0 

76.0 

19.0 

6.0 

10YR7/8 

iom/0 

i;«y 

16 

•  25 

0.6 

0 

72.0 

23-3 

4.0 

10YR7/8 

lOYRB/6 

n  KegeT , 

1496  9267 

*l 

0 

-  30 

0.8 

0 

37.0 

47.9 

14.2 

iom/6 

10YH6/a 

Cl 

30 

-  40 

3-0 

1  .6 

24.7 

ec.3 

24.9 

7.BYR7;8 

7.BYR6/6 

Cj 

40 

-  70 

1.3 

0 

27.0 

53. B 

19.2 

iom/6 

lOYRa/6 

T,  Kigav, 

1350  8920 

^1 

0 

'  12 

6.1 

1.0 

0 

51.3 

48.7 

10-ni6/8 

7.6YR6-6/8 

^ct.a& 

12 

-  60 

27.2 

8.7 

0 

64.2 

46.8 

10YR6/8 

7.6YR6-B/B 

Cci.ta 

60 

-  eo* 

29.3 

8.2 

14.2 

49.9 

36.9 

10YB6/8 

7.BYR8-B/B 

H  N»g«T, 

1360  eai6 

*1 

0 

-  6 

£.6 

- 

10.6 

20.0 

81.2 

7.6m/4 

7.6YR4.B/6 

i&qb 

*3 

5 

-  10 

13,2 

e.i 

28-6 

03-4 

- 

- 

®2ci.i% 

10 

-  20 

40.0 

8.1 

14.3 

21.8 

84.1 

7.BYR6/4 

7.6YR4/8 

Ba 

20 

-  28 

49.2 

4.7 

12.7 

26.7 

00.0 

- 

- 

c 

28 

-  40 

41.6 

6.6 

10.9 

50.0 

sa.B 

- 

- 

c 

40 

-  60 

40.8 

B.3 

8.6 

36.8 

68.0 

- 

- 

1  Slnal  . 

1296  8679 

*1 

0 

-  4 

0.6 

0 

1.8 

74.0 

24.6 

- 

- 

al«lbll4 

Cl 

4 

-  14 

0.3 

0 

28.8 

62.0 

11.0 

- 

- 

C2 

14 

-  60 

1.9 

0 

36.1 

47.1 

17. B 

• 

I  Saurian 

1B96  1646 

*1 

0 

-  13 

0.6 

13.2 

41.9 

44.9 

7.BYTi6/4 

7.6yR4/4 

LAI, 

*3 

13 

-  30 

0.4 

- 

12.8 

40.8 

46.8 

7.6785/4 

7.BYR4/4 

Etrala 

Bj 

30 

-  60 

4.0 

- 

10.4 

41.5 

48.1 

7.6YR6/4 

7.6YH4/4 

Bj 

60 

-100 

6.4 

- 

10.0 

41.2 

40.8 

6m/4 

6Y1U/4 

Bsea 

3  00 

-120 

4.8 

- 

9.7 

41.8 

48.6 

6YR4/4 

6YB4/4 

!m, 

1664  0436 

0 

-  2 

136.6 

29.8 

18.1 

64.7 

27.2 

10YR7/2 

lOYRe/3 

Li*r 

2 

-  14 

132.1 

22.6 

31.0 

49.0 

20.0 

- 

10YK5/4 

14 

-  30 

07.0 

11.8 

2.1 

00.4 

37.6 

5Y7/3 

2.BY8/2 

30 

-  60 

41.6 

4.2 

l.B 

59.0 

39.6 

2.6Y8/2 

2.679/3 

60 

-  74 

34.2 

17.8 

1.6 

48.6 

60.0 

2.BY8/2 

2.678/8 

74 

-no 

32.6 

4.0 

3.7 

66.0 

40.3 

2.BY8/2 

2.678.6/2 

110 

-130 

38.8 

3.7 

1,0 

64.0 

46.0 

2.BY7/2 

2.677/2 

130 

-180 

64.4 

1.8 

40.6 

44. B 

34.7 

- 

- 

160 

-ISO 

43.6 

4.7 

2.1 

69.3 

38.6 

~ 

- 

160 

-210 

46.2 

2.4 

9.3 

60.8 

31.1 

- 

- 

•m  Ar4Ti, 

ICIO  6866 

0 

-  2 

loe.o 

10.7 

88.8 

28.6 

4.4 

7.6786/6 

a  Playa 

2 

•  10 

53.7 

3,6 

76.1 

10,1 

7.8 

7.BYR7/6 

7.BYRB/8-e 

7 

-  16 

96. n 

8.9 

66.7 

27.3 

10-0 

7.6YR7/6 

7.BYRB/8 

16 

-  26 

150. B 

10.2 

87.0 

-  —  12 

4 - 

7,BYh7/5 

7.6YR6/4 

16 

-  26 

94.1 

4.6 

72.4 

16. & 

11.8 

7.6YTt7/B 

7.67TIB/6 

42 

-  35 

67.6 

5.4 

48.3 

—61 

7 - 

- 

7 . 6YR6/6 

42 

-  7b 

21. B 

6.1 

80.1 

14.9 

b  0 

- 

7.BYR6/8 

Mo. 

Soli  Typo; 

Typ*  ot  Surtlclkl 
Dopoilt, 

Pbyiiogrnpblc 

Unlt/Luultora 

Pit  Site 

Locnl  Pnrent 

Hnterlnl 

CllBOt* 

(P.aa/yr> 

Raglon^ 

LoCAtlon 

Coord Inntee 
(lernel  Grid) 

Soli 

Horizon 

Daptb,  El 
CM  Co: 

1 

24. 

Solonchok  Soil 

Plnyn 

Plnyn- 

Flo* 

Eitreaely 

Eeatem  Slnnl , 

1243  6656 

A 

0-2 

Center 

Rllurlua 

Arid 

Blr  S««lr 

2-30  1 

(20) 

O'- 

.■^0  '65  11 

2b. 

AlluYlua 

Actlre 

Chennai 

Llaeetone, 

Extreoaly^ 

Deed  Sen, 

1848  0848 

0-2 

Flood'pl&in 

Dolonlte, 

Arid 

Nnhnl  Ze'alla 

2-17 

Flint 

(80) 

17  -  26 

2«. 

AlluTloa 

Retire 

- 

Fin* 

Eztreaely 

Southern  Neger, 

147B  e.380 

0-6 

Flood-plnln 

Allurlaa 

Arid 

Urdn  Vnlley 

6-15 

(40) 

16  -  20 

20  -  26 

28  -  33 

33-40 

40  -  60 

80  -  66 

27. 

AlluTlua 

Retire 

- 

Cmnlte 

Eitreaely 

Enetern  Slnnl, 

1040  eioo 

0-6 

nood-plRln 

Arid 

fndl  Hnndnrn 

E  -  10 

(20) 

10  -  SO 

28. 

Allurlu 

Retire 

Chnnsel 

LlMitooe 

Eitreaely 

Centrnl  Slnnl, 

0000  B680 

A 

0  -  10 

(Sftlla*) 

Flood- pin in 

Arid 

Blr  Thandi 

AC 

10-24 

(80) 

Cl 

24  -  40 

Cl 

40  -  88 

Cl 

68  -110 

2B. 

Reg  Soil, 

Rllurlnl 

Crnrel 

Llaeetone. 

Eitreaely 

Dead  Sen, 

1848  0368 

0  -  0.6 

Holoeeae 

Fnn  Terrnce 

Bnr 

Doloalte, 

Arid 

Mnbnl  Ze'ella 

B 

0.6-  4.6 

Flint 

(60) 

c 

4.6-  36.6 

30. 

Reg  Soil, 

Aii\in4i 

- 

Llaeetone, 

Eitreaely 

Southern  Reger, 

1484  B70B 

B 

0.3-  10 

Holocene 

Terrnce 

Flint 

Arid 

WAdl  Parui 

0c. 

10  -  17 

(4C) 

Cl 

17  -  40 

31. 

Reg  Soil, 

Allurlnl 

- 

Llaeetone, 

Eitveaely 

Southern  Reger, 

1483  B114 

At 

0-2 

Holocene 

Terrnce 

Doloalte, 

Arid 

Tlaon  Vnlley 

2  -  3.6 

Snndetone 

(80) 

B 

3.6-  8 

C2 

B  -  14 

32. 

Reg  Soil, 

RllUTlnl 

- 

Crnnlte , 

Eitreaely 

Enetern  Slnnl, 

1266  3870 

0  -  1 

Holocene 

Fnn  Terrnce 

Igneoua , 

Arid 

Rndl  Hokelblln 

*2 

1  -  2 

Hetnaorphlc, 

(26) 

01 

2  -  3.6 

Llaeetone, 

02ci 

3. 6-  12 

Snndetone 

02c. 

3.6-  12 

C 

12  -  46 

I 


G35 


I 


Coord  1114  t«a 
(I«ra«l  Grid) 

Soil 

Horizon 

Depth.  Electrical 

cm  ConductlTlty. 

■aho/cA 

CjpfcUA. 

% 

Sand. 

X 

silt.  Cl»y. 

%  X 

Color » 
dry 

Color, 

vet 

n4l. 

1243  0e&6 

A 

0  - 

2 

37.1 

3.6 

64.4 

34.1  1.6 

'-iBi.CB 

2  - 

30 

65.7 

4.1 

67.0 

30.2  2.0 

- 

- 

^2cb  ,  siA 

30  - 

65 

159.3 

14.2 

- 

- 

6YRb/a 

1&4&  08AE 

0  - 

2 

0.4 

0 

98.0 

- 1.0 - 

- 

_ 

lia 

2  - 

17 

0. 1 

0 

98.0 

- 3.2 - 

- 

- 

17  - 

26 

0.2 

0 

07.6 

- 2.4 - 

- 

- 

•g«T. 

147  8  9350 

0  - 

5 

0.7 

0 

62.8 

33.0  14.4 

iom/8 

10Y38/6 

y 

6  - 

16 

0.2 

0 

37.8 

43.0  10.2 

lom/B 

19YH8/0 

16  - 

20 

0.3 

0 

60.1 

22.8  9.1 

10YR7/8 

iom/6 

20  - 

26 

0.3 

0 

14.6 

86.1  20.4 

iom/8 

1 07117/0 

25  - 

33 

0.3 

0 

67.4 

-  —  12.8 - 

10Y117/8 

10YR6/e 

33 

40 

0.3 

0 

06.8 

- 3.2 - 

iom/8 

1O7R7/0 

40  - 

60 

0.3 

0 

- 

10YR7/8 

10YR6/8 

50  • 

66 

0.3 

0 

06. 0 

- 4.1 - 

10YH7/8 

10YR8/8 

haI. 

1040  8100 

0  - 

6 

0.2 

0 

67.6 

10.8  1.9 

- 

. 

r% 

B  - 

10 

0.2 

0 

08.1 

12.3  1.7 

- 

- 

10  - 

eo 

0.1 

0 

96.0 

- 4.2 - 

- 

- 

nAl. 

0000  8680 

A 

0  - 

10 

10.8 

0 

08.2 

9.9  1.9 

iom/4 

10708/4 

AC 

10  - 

24 

39.1 

0 

90.9 

7.2  1.0 

- 

- 

Cl 

24  - 

40 

16.9 

0.2 

96.0 

2.2  2.0 

- 

- 

Cl 

40  * 

66 

u.< 

0.1 

96. E 

3.3  1.2 

- 

- 

Cl 

66 

LIO 

14.0 

0.3 

96.8 

3.0  1.4 

- 

- 

1046  0666 

*T 

0  - 

0.6 

1.4 

0.2 

IB. 6 

63.3  18.2 

10TR7/3 

10708/4 

B 

0.6- 

4.6 

2.x 

0.2 

32.0 

48.7  19.3 

7.67117/8 

7.6700/8 

C 

4.6- 

36.6 

16.6 

S.4 

42.1 

62.9  6.0 

10YR7/4 

10708/4 

lagtT, 

1404  8709 

B 

0.3- 

10 

0.3 

1.4 

28.0 

66.3  16.9 

10YB7/6 

10YR6/8 

1 

Sc, 

10  - 

17 

6.4 

31.4 

68.1 

26.0  6.0 

- 

Cl 

17  - 

40 

7.3 

10. fl 

02.4 

- 7.6 - 

- 

- 

taftr, 

1400  8114 

0  - 

2 

0.6 

0 

04.9 

13.4  1.7 

- 

- 

•7 

*1 

2  - 

3.6 

2.4 

0.2 

46.2 

30.0  18.8 

- 

7.6706.6/4 

B 

3.6- 

6 

10.9 

' 

66.0 

23.0  10.1 

- 

6704.6/8 

Cz 

9  ' 

14 

9.1 

1.7 

00. 8 

17.2  2.2 

- 

- 

1286  8470 

*1 

0  - 

1 

0.7 

0 

60.2 

32.8  0.2 

lOY«7/4 

10706/4 

.bill 

*2 

1  - 

2 

1.4 

0.2 

28.7 

66.8  17.7 

- 

- 

Bl 

2  - 

3.6 

1.0 

0 

90.1 

7.1  2.0 

6Y16/B 

6706/7 

®2c» 

3.6- 

12 

s.e 

1.9 

93.6 

6.1  1.3 

7.BYK7/4 

- 

Bzci 

3.5- 

12 

0.4 

0 

07.8 

9.0  2.9 

- 

- 

c 

12  - 

46 

7.1 

0.4 

03.0 

6.2  1.8 

- 

- 

I 


Mo. 

Soil  Typ«; 

Ttp*  ol  Surflclti 
D« posit 

Pbjsla^4phic 

Unlt/L^ndfora 

Pit,  Slt« 

Local  P4r«nt 

Il4t«rl4l 

CllMU 

Rsglon, 

Location 

Coordln^ttes 
(Israel  Grid) 

Soli 

Horizon 

t>«ptba 

ca 

K1 

Cd 

33. 

R*g  Soil, 

AIlUTl4l 

S4nd«ton« . 

V 

L40t«m  Sliui, 

1170  634L 

A; 

0 

-  3 

Holoc«o« 

T«rr4C« 

Graclts 

Arid 

fail  Kl»w«9lt 

3 

-  6 

(Zfl) 

r 

e 

30 

4 

Rs 

30 

-  60 

34. 

Coll , 

Aiiun.1,1 

- 

Liaoftone . 

Extmclj 

Cantnl  Magtr, 

1330  0040 

0 

-  a 

1 

Plslstocsoa 

Tsrr4C« 

Doloftlt<». 

Arid 

MnUitaib  lUaon 

B, 

3 

-  15 

, 

Euidltoii* 

(60) 

c. 

13 

-  20 

; 

<^2 

20 

-  60 

36. 

((•g  Soil , 

AAlUTl4] 

- 

LlJiaitons. 

Extrnulj 

ArtTt  Vnll*7, 

1768  0182 

A 

0 

-  1 

PltlttOCSDfl 

TsrT4Cs 

Flint 

Arid 

Httzam 

Baa 

1 

-  6 

(60) 

Bca 

6 

-  12 

Baa 

12 

-  20 

Caa 

30 

-  32 

1 

Cl 

38 

-  62 

Cca 

63 

-100 

Cj 

100 

-117 

C3 

117 

-136 

36. 

lag  Soil, 

411ut1»1 

- 

LlaofCon*, 

Eitraady 

SotiUiam  NagiT, 

1460  8738 

0 

-  3 

PISlltOCM&S 

T»it»c« 

Flint. 

Arid 

fadl  Paran 

BCi 

a 

-  13 

(BO) 

Cn 

18 

-  42 

C3 

42 

-  62 

37. 

l«g  Soil, 

Undulitliig 

Pltt«ka- 

llBMtOO*. 

Extreadf 

Soutbtm  HtgsT, 

1613  8467 

A< 

0 

2 

Plslstocsns 

Hill 

Ulllilop* 

Flint 

/jld 

Nabal  Hlyyon 

^3 

2 

-  6 

emit 

(BO) 

Blca 

6 

-  21 

B3C1 

31 

-  38 

83 

38 

-  60 

Cl.ra 

60 

-  7fi 

Clti 

78 

-  04 

Cu:a 

84 

-126 

Clra 

126 

-IbO 

Bt 

160 

-170 

38. 

B*g  Soil, 

Allurlkl 

- 

LlMftont, 

Extrcaalj 

Southam  Nagat, 

lECO  034E1 

A 

0 

-  3 

Pl<lltOC«Qfl 

Terr»c« 

Doloalto, 

Arid 

Qatura 

B; 

3 

-  8 

Flint 

(BO) 

B2ca 

e 

-  16 

Bllct 

16 

-  22 

Bsca 

33 

-  38 

Clci 

38 

-  63 

c. 

63 

-  76 

Cl 

76 

-102 

102 

-126 

Cl 

126 

-140 

G  36 


5 

Coordinate! 
(Iir*#l  Grid) 

Soil 

Horlvo 

repth , 

CB 

RlactrlCAl 

ConductlTlty, 

BAho/Cffl 

CypiUB I 

X 

S&nd , 

X 

Slit. 

% 

Clay. 

% 

Color, 

dry 

Color. 

v«t 

1170  &340 

0 

^  3 

0.  D 

0 

43.  B 

4b. 9 

:g.3 

7.faYRB/e 

7.6737/8 

BC 

3 

-  6 

0.2 

0 

86.0 

12.1 

1.9 

7.EYR//8 

7 . 6736/8 

C, 

f 

3:. 

2,  ^ 

C  .3 

96.4 

- 1 

5 - 

- 

- 

"s 

-  6u 

0.2 

C 

96.0 

- 6. 

.0 - 

- 

- 

1330  0040 

c 

-  3 

6.6 

o.e 

43.7 

43.3 

13.0 

]0Yn7/9 

10736/6 

>  fU»on 

Bi 

3 

-  13 

11,2 

0.6 

32.2 

6b. 6 

12.3 

lQYR7/a 

10736/8 

Cl 

13 

-  20 

12. e 

2.3 

46.7 

47.3 

7.0 

- 

- 

ca 

2C 

-  GO 

1 .3 . 0 

£.6 

40.3 

41.  a 

9.6 

- 

- 

kilty. 

1768  0182 

A 

0 

1 

41.2 

0.9 

47.0 

43.7 

9.3 

]0rH7/,’. 

i.7iie/a 

B„ 

1 

-  fa 

64.9 

0.2 

60.0 

43  8 

9.4 

/.6YT16/6 

7 . B7SS/6 

Be. 

6 

-  12 

I'J.  '2 

29.2 

67. B 

23.7 

18.4 

- 

_ 

B.. 

13 

-  20 

86.  6 

8  1 

83. a 

12. b 

4.3 

- 

7.B7R6/B 

c,. 

30 

-  39 

r/1.6 

20.7 

67.4 

13.8 

18.8 

10YR8/1 

10737/3 

Cl 

39 

-  5? 

1 

e.o 

02.4 

9. 1 

•  ,  5 

icy?.7/3 

10736.5/4 

^Ci 

b2 

-100 

37.  0 

Q.V 

74.7 

11.0 

14.3 

- 

- 

ca 

100 

-r7 

48.0 

7.7 

94  4 

4.8 

O.e 

- 

- 

ca 

117 

-136 

72.7 

06.6 

3.2 

2.2 

- 

- 

U90  0738 

N 

C 

3 

35.7 

1.6 

34.-. 

64.7 

11.2 

10TR7/4 

10737/8 

’til 

BCi 

3 

-  13 

21.3 

1.6 

34.9 

64.2 

10.9 

10YR7/6 

10736/8 

Cj 

'.3 

-  42 

19.2 

11.2 

60.3 

30.9 

8.B 

7.6YTi6/8 

7.6736/8 

Ca 

41 

62 

33  6 

9.9 

73.4 

—“26.7 - 

- 

- 

1  H*g«T. 

1613  0467 

Al 

Q 

2 

22.0 

- 

36.3 

36.4 

26-2 

l0rB7/4 

10736/4 

non 

^3 

3 

-  8 

31.2 

1.4 

63.4 

34.6 

13.3 

7.6YT17/4 

7 , 6736/6 

Bac. 

6 

-  21 

47.3 

le.o 

47.6 

38.1 

14.2 

8TRe/6 

6734/6 

Baei 

31 

-  38 

46.2 

20.6 

47.3 

38.8 

14.0 

7.6rR6/6 

7.6736/6 

Ba 

38 

-  60 

40.0 

16.2 

46.4 

39.6 

16.1 

- 

- 

Cic. 

60 

-  78 

32.2 

10.4 

36.4 

31.2 

43  4 

- 

7.5736/6 

Clci 

78 

-  04 

66.1 

24  e 

31.6 

42.8 

26. 4 

7,6YTl6/6 

7,6735/6 

Clci 

94 

'126 

ea.  1 

21.1 

38.6 

48.4 

12. B 

- 

- 

Clc. 

laa 

■IbO 

39.9 

6.7 

31. a 

ea.o 

6.S 

- 

7.6737/4 

Bl 

160 

170 

70.7 

6.E 

81.8 

27.6 

11.1 

671*4/8 

6734/8 

«»g«T, 

1660  0348 

A 

0 

-  a 

8.2 

0.4 

48.8 

ae.4 

14.8 

7.BYR6/6 

7.6736/6 

Bj 

3 

^  8 

28.0 

0.8 

66.3 

30.4 

14  4 

7.6Y37/4 

7.6735/6 

Baci 

8 

-  16 

48.6 

19.6 

44.0 

34.8 

21.1 

- 

- 

Baci 

16 

-  22 

44.6 

19.2 

40.2 

36.0 

13.8 

7.BY117/4 

7.6736/6 

Baci 

aa 

-  38 

63.6 

14.6 

84.6 

26.4 

8.0 

7.6YR7/4 

7.6736/6 

Cl  Cl 

38 

-  63 

47.1 

13.6 

72.0 

20.8 

7.2 

7.BYR7/4 

7.6736/6 

Cl 

&3 

-  76 

48.6 

7.  1 

63.2 

10.8 

8.0 

- 

- 

Cl 

76 

-102 

60.2 

2.0 

71.2 

23.2 

6.6 

7.6736/6 

7.6734/6 

102 

-126 

37.7 

9.8 

64.6 

27.2 

8.0 

10737/4 

10736/6 

Cl 

126 

-140 

61. B 

10.4 

62.0 

39.3 

8.8 

10737/4 

10736/6 

Ho. 

SOU  Typ«i 

T7p«  ol  SurflcUl 
Dapoilt 

Pbjilograptlc 

UnltAAOdlorm 

Pit  Slta 

Local  Parent 

Hatarlal 

Cllnata 

(P.—/Fr) 

Region, 

Location 

Coordlnatti 
(Itraal  Grid) 

Soil 

Horizon 

Dfptht 

CB 

Eloc 

Cond 

BB 

SS. 

tag  Soil, 

Allnrlal 

Llaattooa, 

Extranalj 

Sofuthtra  Neg«Tt 

1447  S094 

Ky 

0 

-  2 

11 

Plalttocana 

Tarraea 

DoloHita, 

Arid 

Tlana  Valltj 

Bl 

2 

-  20 

14 

Sandttona 

(30) 

B2 

20 

-  60 

37 

Cl 

eo 

■  90 

22 

C2 

90 

-110 

26 

40. 

Rag  Soil. 

Allnrlal 

- 

Cranlta, 

Eztraaalj 

Eattam  Sinai , 

1173  8348 

0 

-  2 

12 

Plalatocua 

Tamea 

Sandttooa 

Arid 

fadl  Xbnwtlt 

B 

2 

-  16 

16 

(20) 

c 

16 

-  70 

26 

41. 

Rag  Soil. 

Plataaa 

- 

Flint 

Eztraaalj 

Central  Sinai, 

0 

-  3 

s 

Plaiatoeana 

Arid 

*2 

3 

-  0 

34 

(30) 

Bl 

9 

-  19 

46 

Blct 

19 

-  36 

86 

Bsta.ct 

86 

-  47 

182 

Clei 

47 

-  76 

24 

Clci 

76 

-100 

48 

43. 

tag  Soil, 

PUtaan 

Plataao' 

Llaattcot, 

Eztraaalj 

Central  Sinai, 

000  es$ 

A 

0 

-  7 

10 

Plaiatoeana 

Dlrlda 

Flint 

Arid 

B2«a 

7 

-  16 

36 

(80) 

Bsta 

16 

-  26 

36 

BCm 

36 

-  39 

66 

Clia 

SO 

-  60 

36 

Clcii 

so 

-  80 

26 

Cl 

80 

-  96 

2! 

Cl 

96 

-120 

22 

43. 

tag  Soil, 

PaTad  Taint 

Lottr 

Doloalta, 

Eztraaalj 

Cantral  ItgaT, 

1328  0042 

0 

-  6 

S 

Plaiatoeana 

Taint 

LlMttona 

Arid 

Maklitatb  Raaon 

Cl 

G 

-  26 

11 

(60) 

C3 

26 

-  50 

1 

44. 

tag  Soil, 

AllnrlaX 

- 

Llatttona. 

Eztraaalj 

Hortbam  lagar. 

1626  0332 

At 

Tartl&rj 

T«rr4c« 

Flint 

Arid 

Zln  Vallaj 

Bl 

2 

-  10 

2E 

(70) 

B2 

10 

-  16 

11 

BC 

16 

-  40 

11 

Bbct 

40 

-160 

IE 

46. 

tag  Soil, 

Patad  Taint 

Can tar 

Batalt 

Eztraaalj 

Central  NtgtT, 

1368  8977 

Al 

0 

-  1 

( 

G37 


Coordlut** 
(Iirul  Grid) 

Soli 

HorlzuL 

Depth. 

Cl 

Elictricil 

CcsductlTitji 

Biho/ca 

G7p.ua. 

% 

S&nd. 

X 

Silt, 

% 

Cley. 

X 

Color, 

dry 

Color. 

««t 

1447  «0S4 

*T 

0 

-  2 

11.1 

1.0 

47.9 

40.2 

11.9 

7.BYR8/B 

7.6736/8 

2 

-  20 

14.6 

ie.9 

63.1 

43.8 

3.1 

7.6Y117/4 

7.B736/8 

B2 

70 

-  60 

37.2 

7.6 

65.7 

28.2 

6.1 

BTRO/t 

SY3B/6 

Cl 

60 

-  90 

22.6 

8.2 

74.2 

20.4 

6.4 

BYR8/4 

6736/8 

C2 

90 

‘llO 

26.6 

2.2 

82.3 

12.3 

6.6 

7.6736/8 

7.6736/8 

^1. 

1173  8348 

A, 

0 

-  2 

12.9 

0.4 

42.9 

46.1 

11.0 

7.6YR8/4 

7.6736/6 

B 

3 

-  IB 

16.6 

0.9 

71.1 

20.3 

8.6 

7.6737/8 

7.6736/6 

c 

IB 

-  70 

26.8 

7.2 

84.6 

13.2 

2.3 

- 

- 

*1 

0 

-  3 

9.4 

0.1 

62.4 

88.4 

11.3 

10737/3 

10736/6 

*2 

3 

-  0 

31.9 

O.B 

87.6 

26.0 

8.3 

10737/3 

10738/4 

Bl 

0 

-  19 

46.0 

0.7 

73.9 

20.6 

6.6 

7.6736/8 

7.BYR6/6 

19 

-  36 

86.3 

13.4 

88.6 

21.8 

11.7 

7.6736/8 

7.6736/8 

Batt.ci 

36 

-  47 

182.8 

9.3 

41.8 

36.0 

22.3 

7.6736/4 

7.6736/6 

Ciet 

47 

-  76 

24.8 

43.0 

- 

- 

10738/3 

10738/4 

Cu. 

76 

-100 

48.1 

29.4 

- 

- 

• 

10738/3 

10736/4 

a, 

000  966 

A 

0 

-  7 

10.0 

0 

71.3 

14.4 

14.3 

10736/4 

10736/4 

^294 

7 

-  16 

36.1 

0.3 

63.3 

42.6 

4.2 

6734/6 

$YB4/6 

16 

-  26 

38.6 

1.2 

64.8 

21.0 

13.2 

- 

6736/6 

BC,« 

36 

-  39 

66.4 

6.2 

68.7 

24.2 

17.0 

7.6737/4 

7.6736/6 

^114 

39 

-  60 

38.6 

10.2 

62.8 

21.0 

16.8 

10737/3 

10738/6 

Clc« 

60 

•'  60 

36.6 

16.7 

SO.  a 

17.4 

22.0 

-* 

- 

Cl 

80 

'  96 

22.8 

8.1 

78.7 

14.6 

0.6 

7.8Y37/4 

7.B736/B 

Cl 

96 

•120 

23.9 

1.6 

77.8 

11.0 

11.4 

7.6736/6 

7.6736/8 

•T, 

132B  0043 

*1 

0 

8 

2.3 

O.S 

47.4 

40.2 

12.4 

10737/8 

10736/8 

■on 

Cl 

6 

-  26 

11.3 

1.2 

41.9 

30.8 

18.3 

10YB7/8-B 

10736/8 

Ca 

36 

-  60 

7.6 

a.s 

46.1 

40.8 

13.1 

7.6737/8 

7.BYB7/6 

5”. 

1626  0332 

Bl 

2 

-  10 

26.6 

1.0 

16.8 

71.8 

11.8 

- 

- 

Ba 

10 

-  16 

12.6 

b.9 

16.6 

80. C 

23.9 

- 

- 

BC 

16 

-  40 

11.9 

8.8 

12.2 

66.6 

83.8 

- 

- 

BbCi 

40 

-160 

18,0 

38.4 

41.6 

84.6 

24.0 

- 

- 

•T. 

1368  9977 

^1 

0 

-  1 

6.6 

0.3 

40.6 

61.9 

7.6 

10738/8 

10738/B 

Bo. 

Soli  Typo; 

Typ«  of  Sartlclal 
Dtpoilt 

Phydogr.phlc 

Unlt/Ludfon 

Pit  Sit* 

Local  Partnt 

lUtarltl 

Cllut* 

R*j;lon, 

Location 

Coordln&tat 
(liraal  Grid) 

S(5ll 

Horizon 

DoptBp  1 

cm  ( 

46. 

Ug  Soli. 

AllUTlll 

- 

Llatttoo*. 

£rtr***ly 

Southern  N«g«T. 

1246  6664 

0 

-  3 

T.rrtc. 

Flint 

Arid 

Sd*  Etzyoi. 

fi. 

E 

-  10 

;36) 

li'' 

10 

-  20 

B3 

20 

-  30 

Cc, 

30 

-  60 

Cc. 

70 

*  7B 

47. 

>.(  Soli, 

P.T«1  Talui 

Upp«r 

LlMttOB*. 

Ertr*a«ly 

Eftitam  Si&Al, 

1333  8668 

B.. 

0. 

2-  6 

T*lu* 

flint 

Arid 

tadl  El  Qialb 

=lc. 

E 

-  26 

(20) 

^2c« 

26 

-  76 

4a. 

ilf  irti  Soil 

Pl4tMU 

Pl*t**u- 

LlMtton* 

Arid 

Ctntral  H*c*t, 

1166  9743 

*1 

0 

-  3 

Blllilop* 

(100) 

Mount  Bagl 

Be. 

3 

-  7 

Cr*it 

•-ac. 

30 

'  40 

49. 

flimirti  Soil 

Kooky 

- 

Llattton* 

Arid 

Ctntral  NtgtT, 

1166  0743 

0 

-  10 

Hllltlop* 

(100) 

Mount  Safi 

80. 

flturtl  Soil 

PloUaa 

Plot***- 

UlMttCO* 

Arid 

Ctntral  ItgtT, 

1128  9012 

0 

-  10 

HllKlop* 

(100) 

Mount  Lotz 

Cr*(t 

81. 

fi.— ...  Soil 

Hlllflop* 

Pl*t«*u- 

OolOBlt* 

E:rtr«««ly 

Ctntral  ItgtT. 

1467  0021 

Ay 

0 

-  1 

Hllltlop* 

Arid 

ilaatltliar 

B 

1 

-  10 

Cr«*t 

(80) 

BC 

10 

-  28 

Be. 

28 

-  80 

62. 

fl.nil.  Soil 

PlktMa 

Pl»t**o- 

Doloalt*, 

Extrtmly 

SouUitm  HtgtT. 

1416  0117 

Ce. 

E 

-  40 

Hlllalop* 

LlMItOB* 

Arid 

Mount  Btrtkk 

Crtit 

(88) 

88. 

LltSoool 

Uodolatloc 

- 

Oklk 

Arid 

Jodtan  Dtttrt. 

1730  1083 

0 

-  3 

Hill 

(00) 

Mltzp*  BkZtSoo 

6 

2 

-  22 

^let 

22 

-  44 

Cle. 

44 

-  64 

84. 

LltSoool 

Hlllilopo 

- 

Oiolk 

Arid 

lortbam  M*s*t, 

1370  0310 

A 

0 

-  36 

(98) 

ixl*  Boktr 

C 

38 

-  80 

G38 


T) 

Region. 

LocAtioa 

Coordlnataa  SoU  Bapth. 

(laraal  Grid)  Horizon  cm 

Elbctrical  Cjpiue. 

CoftducLlTltya  X 

uho/ca 

Sand. 

« 

Slit. 

% 

Cl*7a 

% 

Color, 

dry 

Color, 

w«t 

Soutt«ra  Nog*?. 

1346  8664 

0 

- 

A 

6.0 

0.4 

61.07 

34.88 

14.27 

Sd«  Euyon 

b 

- 

10 

9.0 

0.7 

67.07 

32.71 

10.22 

. 

B2 

lO 

- 

20 

0.6 

1.6 

68.42 

27.32 

14.26 

- 

_ 

83 

20 

- 

30 

U  1 

2.2 

61.83 

28.66 

11.62 

- 

- 

Cc. 

30 

- 

60 

10.1 

2.2 

66.41 

26.19 

B.40 

- 

- 

'-ci 

70 

- 

76 

?.l 

4.2 

69.83 

—30 

.37 - 

- 

- 

It 

Eaat«rn  Binti, 

1283  8666 

rt 

2* 

r 

30.8 

1 .6 

SI .  7 

61.6 

16. B 

_ 

7.67*6/8 

iMll  tl  q.alb 

b 

- 

2b 

17.1 

16.3 

- 

- 

- 

7.6Y117-B/8 

7.67*8/8 

C2c. 

26 

- 

76 

44.6 

14.3 

- 

- 

- 

- 

- 

Centrnl  logtT. 

1166  S743 

*L 

0 

- 

3 

17.2 

0.9 

36.3 

BO.  2 

13.6 

!0Y1t8/8 

107*7/8 

Mount.  Sigl 

Be, 

3 

- 

7 

23.6 

16.8 

30.0 

48.1 

23.9 

- 

107*7/8 

C2c, 

30 

• 

40 

18.3 

33.6 

- 

- 

10Y88/6 

- 

c«ntr»X  ■•(•T, 

1166  S743 

0 

- 

10 

0.8 

0 

32.6 

61.0 

16.6 

10YR8/4 

_ 

Moust  Sagi 

C«ntrtl  ■•(aT, 

1138  9913 

*1 

0 

- 

10 

0.4 

0 

39.3 

80.2 

10.6 

iom/4 

107*8/8 

Mount  Lots 

IT 

Central  liacaT, 

1467  9921 

*T 

0 

1 

20. B 

67.6 

11.7 

10YR7/8 

Baaalabar 

B 

1 

- 

10 

- 

- 

30.6 

83.0 

18.6 

7.67118/8 

. 

BC 

10 

' 

28 

- 

- 

33.4 

48.8 

19.9 

7.6Y116/8 

- 

Be. 

26 

- 

60 

- 

- 

26.8 

33.1 

61.1 

- 

- 

T 

Southam  lagar. 

1416  9117 

Cc. 

6 

- 

40 

39.0 

6.7 

39.0 

49.6 

11.6 

7.67*8/8 

7.67*6/8 

Mount  Barakh 

Judaan  Daaart, 

1739  1083 

•'t 

0 

- 

3 

1.6 

38.1 

37. B 

24.3 

107*7/4 

10TR6/8 

Mitzpe  Majaxoo 

6 

3 

- 

33 

2.1 

- 

41.0 

39.6 

18.6 

7.6YR7/4 

7.67*6/6 

Clc, 

2? 

- 

44 

- 

9.9 

- 

- 

- 

- 

- 

Clc. 

4A 

- 

64 

17.7 

13.6 

18.7 

38.4 

42.9 

- 

- 

i 

Rortbam  lagar. 

1370  0310 

A 

0 

- 

86 

1.0 

8.6 

29.3 

41.1 

39.8 

107*8/4 

107*6/4 

Sd«  Bokar 

C 

36 

- 

60 

0.6 

1.4 

38.0 

39.8 

33.6 

- 

- 

No. 

Soli  Typ«; 

Typo  of  Surflcl4l 
Dopoilt 

Pbyilogfkphlc 

Unlt/L4ndfor» 

Pit  Slta 

Loc4l  P4r4at 

Il4t«rl4l 

CllUtA 

(P.M/yr) 

Region, 

Loc4tlon 

Coordlu4i4f 
(larmal  Grid) 

Soi; 

Horizon 

Depth 

ca 

66. 

Lltboiol 

Hlll.lop. 

C«at«r 

Q>»lk 

Arid 

North«m  N«gOT, 

1270  031C 

A 

0 

_ 

Hllltlop* 

(BB) 

Sd4  Bokvr 

BC 

30 

-  1 

Cj 

66 

-  ■ 

C2c, 

70* 

56. 

Llthotol 

Klllilop. 

C«nt*r 

Ch4lLk 

Arid 

Northam  MagoT. 

1270  0310 

A 

0 

-  ■ 

Hllltlop* 

(B6) 

Sda  Bokar 

c. 

20 

- 

Cj 

35 

-  ‘ 

67. 

Sorozui  Soil 

AllUTl4l 

- 

Co4r*4 

Arid 

Jord4n  Vmllay 

1053  1467 

0 

- 

7«rr4c« 

AlluTlua 

(130) 

^3 

10 

- 

AC 

26 

- 

Clc, 

60 

- 

Clc. 

62 

-1 

<^lci 

101 

-1 

<^lc» 

124 

-1 

Clc, 

138 

-1 

'-1CI 

167 

-1 

IlCj 

174 

•2 

DCj 

21S 

-2 

66. 

S«rox««  Soil 

Plat*4U 

Pl»t*4tt- 

Flint 

VodorAtclj 

Jud»4Jl  Dnitrt, 

176A  1046 

A 

0 

- 

HiUdop* 

Arid 

Ruji  Ed  IIi<4 

Bjci 

22 

- 

Cr4tt 

(230) 

32c» 

40 

- 

Bsci 

80 

- 

BC„ 

71 

- 

ncc. 

fi8* 

60. 

Cr4T«llf  Rvgotol 

si*T«  Oipodt. 

Uppvr 

2C040Ut, 

£ztrt*4l7 

SoutDara  ■■•gcT, 

1486  6366 

Cl 

10 

- 

T4lat 

T4lU« 

Acid  Volcanic 

Arid 

Houst  Adtad 

C? 

30 

- 

(30) 

60. 

CnTtlly  Rtgotol. 

Si«Y4  D«pOfflt 

Cintar 

Ignooui, 

Eztr«44ly 

Soutbsm  N*g4T, 

1465  6965 

6 

- 

T4lu6 

T41U4 

Acid  ValC4nlc 

Arid 

Mount  Aar4B 

27 

- 

(30) 

61. 

Cr«T«ll7  Ragoiol 

S1«T4  Dopoilt 

- 

Igncoui. 

Ertrtitly 

Sonithara  Nag4T. 

1453  BB75 

A. 

0 

- 

T»lu. 

Acid  Volcanic 

Arid 

Mount  Aaria 

Cl 

30 

- 

(30) 

C2 

70 

- 

c. 

SB 

-3 

83. 

CraT«ll7  Ri^tol 

S1*T«  Dtpoilt 

C*ot4r 

Cr4nlt«, 

Extrmoly 

E4tt«m  SlDAl , 

1288  8860 

s 

40 

- 

Talui 

T41u« 

Ignaout, 

Arid 

l4dl  Muk4lbll4 

S 

60 

HatAaorplilc, 

(26) 

Lla«4ton4. 

Sandftona 

I 


O  39 


keg  1  on  , 

l-./sTfc'.lon 

Coordln4t«i 

(lBr4Qi  Grid) 

Sol  1 

Horl  2or. 

DopLb . 

cm 

k)Iectrlc4l 
ConducllTltjr . 
s£^u/ca 

Gjpeufl. 

% 

S4nd. 

% 

SUL. 

% 

CI47. 

% 

Color, 

dry 

Color, 

V6L 

S  .1  •  h'^rr.  Keg;ii¥  . 

0310 

A 

10 

C.b 

4H./ 

22.2 

26.7 

10YH7/4 

ionic/4 

jOe  ;*•  ner 

lit- 

30 

bj. 

10.0 

0.6 

23. b 

18. 6 

62.9 

- 

- 

C ' 

V  0 

‘J .  0 

C.6 

jH  4 

W.4 

4v.2 

- 

- 

^Sci 

70» 

11.0 

2.2 

22.7 

23.6 

66.8 

- 

- 

KftgeT. 

1270  U310 

A 

0 

-  20 

C.4 

- 

43.6 

24.1 

32  3 

luYK7/4 

10YR5/4 

r-1e  EJoker 

c. 

20 

-  3b 

1.3 

“ 

44.0 

17.0 

38.1 

1CYR7/4 

10Yn6/4 

C2 

31. 

-  60 

2 .  S 

- 

47.7 

J4.b 

38.7 

lOYRS/4 

10YR7/4 

Jord&n  V4:l«7 

lft&3  U87 

0 

-  10 

41 .0 

' 

f9.2 

17.8 

20.7 

10Y11//3 

10Y^16/4 

^3 

10 

2b 

37.0 

0.1 

42.2 

21.8 

33.6 

10YR7/3 

10YR8/4 

AC 

26 

'  bO 

3b.  9 

0.2 

32.4 

22.6 

42.1 

- 

- 

60 

-  62 

28,0 

2.4 

22.2 

32.0 

41 .0 

- 

C;ci 

e? 

-101 

24  4 

2.8 

2b.  4 

30.8 

39.4 

- 

- 

101 

-124 

26.7 

3.b 

10.0 

40.0 

64.7 

6RB/2 

6R7/2 

<^lri 

124 

-138 

27.3 

3.0 

24.0 

32.4 

38.0 

- 

- 

*^lci 

13a 

-167 

29.4 

3.7 

34.0 

28.4 

34.4 

lOYRa/3 

i0YR8/3 

16/ 

-1/4 

23.0 

3.7 

43.8 

2C.Z 

2t  2 

5Y6/! 

5Y7,'2 

ncj 

174 

-219 

27.3 

3.8 

.33.2 

26.0 

36.7 

bYO/2 

6Y7/3 

I!C2 

2)9 

290 

23.9 

3.8 

17.8 

30  2 

46.4 

6Y6/1 

CY7/2 

.’ad«4r. 

17«4  104h 

A 

0 

-  22 

1.0 

- 

30.8 

42.0 

27.2 

10YR6/4 

7.BYH6/8 

Rujl 

B2c» 

22 

-  40 

3.4 

- 

14.7 

46.8 

38.6 

7.6YR6/4 

7.6Ylt6/4 

®2c* 

40 

-  60 

e.e 

0.6 

19.8 

36.4 

43.8 

7.6'ni6/4 

7.6YR6/4 

^3ci 

60 

-  71 

17.2 

23.0 

17.8 

33.1 

49.3 

7.6Yn6/4 

7.6YR6/4 

0Cc, 

71 

-  OS 

20.8 

23.0 

23.7 

31.3 

46.0 

)0YR7/4 

10’iTl6/4 

nc„ 

8.2 

44.0 

26.0 

<; 

67.6 

7.6YR7/2 

7.BYRe/4 

Sojli*rri 

146B  eOBB 

ti 

10 

-  30 

16.6 

le 

47.7 

12.0 

10TR6/e 

)0YR6/8 

MoubI  AarM 

C2 

30 

-  60 

2.9 

2.b 

bb.8 

4.B 

lOYT  "•/A 

lOYRb/8 

jTjtbem  NttgoT. 

ue&  esHb 

b 

■  12 

0  3 

c 

60.6 

40.4 

0.' 

)0Y1l7/8 

7.bYRb/e 

Mocrt 

27 

-  42 

0.2 

0 

61.2 

43.0 

6.8 

10YR//6 

lOYRb/B 

Scnit^•^r  H^goT. 

U&3  B97b 

0 

-  2 

0.4 

c 

30.  t 

42.7 

8.7 

10YR7/8 

KiYRb/a 

kk>'xoi.  Ajiru 

30 

-  bO 

0.3 

0 

61.1 

38.9 

10.0 

10YH8/8 

)  .YR6/8 

Cj 

70 

-  «b 

17.4 

1.1 

88.8 

24.3 

7  2 

lOYRS/4 

10YR4/e 

^2 

6j 

136 

17.4 

3.3 

66.6 

36.0 

8,6 

10YK6/4 

7 . bInb/4-6 

EAittm  SlnAl  , 

J2*3e  eebo 

8 

40 

-  «0 

1.2 

1  .6 

88.9 

27.6 

6.6 

- 

- 

l4d)  ttuk«lbU4 

S 

60 

-100 

37.  e 

3.2 

61.2 

31.0 

7,e 

- 

- 

No.  Soil  T7p«;  Phyi logrupblc  Pit  Slt«  LocaI  Parent 

Tfp*  of  Surflcl*!  Unlt/LAndfor»  IUt»rl4l 

Deposit 


63.  Dune  S4j\d  Active  Dune  o  Sand 

4 

2 

6 

64-  Dune  Sand  Active  Dune  -  Sand 


66.  Alluvial  Sand  l^dulatln^;  Plateau-  Sana 

Hill  Divide 


66  Alluvial  Sand  Undulating  ••  Sand 

HUl 


67.  Alluvial  Sand  HUlelope  Plateau-  Sand 

Hlllelope 

Creet 

66.  Saiidr  Regoeol  SUblllie  -  Sand 

Duae 


68.  '  Alluvial  Alluvial  Fan  Upper  Coaree 

>oU  Fan  AllgvluB 


70.  brovn  Alluvial  Alluvial  Fan  Upper  Llean  Mari 

Soil  Fan 


C  -ic 


Cl laate 
(P.ma/yr) 

Region, 

Location 

Coordlnatee 
(Israel  Grid) 

Soil 

Horizon 

Depth , 

CD 

Arid 

Vestem  Neg 

1003  C460 

1 

-  3 

(  ICO; 

U<}unt  kieren 

100-i  u-iCj 

- 

100b  0460 

- 

1003  U460 

- 

Eitreaely 

Arava  Valley* 

1567  9242 

0 

-  to 

Arid 

Yotvata 

(32) 

Sesl-arld 

teetem  Negev* 

1003  0821 

A 

0 

-  48 

C32S) 

Bc» 

46 

-106 

Cl 

106 

-136 

C2 

136 

-180 

S«>l-»rld 

Veetem  Negev, 

0046  0016 

A 

Q 

-  26 

(300) 

KlanolU 

Be, 

28 

-  73 

Be, 

73 

•103 

Clc, 

103 

-143 

Clci 

143 

-21C 

C2 

210 

-260 

C2 

380 

-300 

Ssml-krld 

0047  0916 

A 

0 

-  31 

(300) 

KliaotU 

Be, 

31 

-  eo 

Cj 

80 

-101 

C2 

101 

•  176 

Veetem  Negev, 

072b  0726 

A 

0 

-  40 

Arid 

Tun 

Clc, 

40 

-100 

(180) 

Clcl 

lOD 

-140 

C2 

140 

-100 

C2 

190 

-260 

Seal-arid 

Jordan  Valley, 

loie  161b 

A 

G 

-  17 

(280) 

Fataael 

B2e, 

17 

-  44 

B7C, 

44 

-  70 

B2c» 

70 

-112 

c 

112 

-160 

Jordan  Valley, 

1021  1361 

0 

-  e 

(160) 

e 

-  24 

24 

-  62 

62 

-lib 

11b 

■  122 

122 

-144 

Ion . 

A on 

Coordlnatoa 
(Isr&el  Grid) 

s^u 

Hor!  /  on 

Odptb . 

ca 

Elacbrlc&I 
Conductivity , 
aftho/ca 

Cfptoa. 

% 

Sand. 

% 

sut. 

% 

Cl.y. 

1 

Color , 
dry 

Color , 

vet 

1003  04t0 

; 

-  3 

0.^ 

0 

66.4 

- 0. 

.6 - 

- 

_ 

o'-  ^*‘rton 

1003  04G.: 

- 

C.4 

0 

66.4 

- 0. 

,6 - 

- 

- 

1006  0450 

- 

0.2 

0 

62.9 

- 7. 

.1 - 

- 

. 

1003  0450 

- 

C.b 

0 

68.6 

- 1. 

2 - 

- 

- 

TA  Va:  ley  . 

1667  fi242 

C 

-  b 

C.8 

0 

67.4 

- 2. 

,6 - 

7.bYR6/6 

7.&YR7/6 

Vi'.* 

Lem  Hegev, 

1003  0621 

A 

0 

-  4b 

C.4 

- 

71.1 

16.9 

10.0 

10YR8/4 

10rR6/5 

e.'l 

0C4 

48 

-ica 

0.3 

- 

71.4 

10.8 

8.8 

9rK3/4 

10YR4/6 

c. 

loe 

-136 

0.3 

- 

66  6 

6.4 

4.7 

10YRS./4 

10rR6/6 

C2 

135 

-160 

0.7 

- 

04.8 

2.6 

2.6 

10TK//4 

- 

Lcm  NegeT. 

0046  0916 

A 

n 

-  26 

0.4 

- 

64.4 

8.6 

6.8 

10YR6/4 

lorR4/4 

SCflD 

Bc4 

26 

-  73 

0.3 

- 

63.3 

0.7 

7.0 

lClYRe/4 

:CYSB/4 

Bc4 

73 

-103 

0.3 

- 

ei.e 

4.6 

3.9 

- 

:orn5/« 

'^Ic. 

103 

-143 

0.3 

“ 

98.7 

1.6 

1.7 

:0YH«.B/4 

lOYRS/# 

^!ci 

U3 

-210 

0.3 

- 

68.1 

0.6 

1.4 

- 

- 

C2 

210 

-260 

0.3 

- 

67.6 

3-0 

1.4 

- 

- 

=2 

250 

-300 

0.3 

- 

67.0 

1.7 

1.3 

- 

- 

t.«ni  Kag^T, 

0647  C91& 

A 

0 

-  31 

0.3 

- 

eo.o 

11.1 

e,6 

iom/4 

lOYRB/4 

■j. 

iof  !a 

5c4 

31 

-  80 

0.3 

- 

83.7 

9.  J 

7.2 

10YR6/4 

lOYHB/e 

- 

Cl 

BC 

-101 

0.2 

- 

93.7 

3.0 

3.3 

10^6/4 

lOrnB/e 

Cj 

101 

-17b 

0,2 

- 

08.7 

1.0 

1.4 

- 

iom.B/4 

4 

'.err.  NagST, 

07  2  6  0716 

A 

C 

-  40 

0,.3 

- 

66.3 

6.2 

6.6 

io'ni7/4 

ioyRe/4 

4  t 

ClC4 

40 

-100 

0,3 

- 

d4.3 

8.6 

7.1 

- 

- 

ClC4 

ICO 

-140 

0.2 

- 

66.0 

7.6 

0.6 

- 

- 

=2 

140 

-100 

0.2 

- 

00.8 

4.7 

4.6 

- 

- 

C2 

190 

-2r-o 

0.3 

64.2 

10.8 

6.0 

- 

dA.1  VaI  ley, 

Idle  1510 

A 

C 

-  17 

1 ,8 

- 

63.0 

22.0 

16.0 

10rR7/3 

lOYRB/4 

X 

ii«l 

B2C4 

17 

-  44 

1.4 

- 

40.0 

20.0 

22.0 

7.tYHS/4 

7.BYRB/4 

B2c4 

44 

-  70 

0.8 

- 

(9.4 

22.0 

18.6 

- 

- 

B2c4 

70 

-112 

0.6 

- 

72.0 

13.8 

14.4 

7.6nie/4 

7.BYH6/4 

c 

112 

-IBO 

2.0 

- 

78.4 

10.6 

10.6 

- 

- 

; 

di/-.  Valley. 

lOzl  1351 

0 

-  e 

2.0 

- 

76.0 

12.2 

11.7 

10TR7/3 

10788/4 

b 

■  24 

2.1 

- 

63.6 

23.0 

13.3 

10rK7/3 

lOTRB/4 

24 

-  02 

2.0 

- 

79.6 

0.8 

10.6 

10YR7/3 

10YH6/4 

52 

-lib 

6.0 

- 

61.0 

10.0 

0.6 

10YR7/3 

10YR6/4 

IIB 

-i:;2 

7.0 

61.3 

26.4 

22.9 

]0YRe/.3 

1CYR7/.3 

122 

-144 

10.7 

- 

6b. 4 

23.0 

21.1 

l'jrK7/3 

10YR6/4 

=1^ 

Soil  Tfp«; 

Typ«  of  Surflcl4l 
Deposit 

Pbjaiogr4phlc 

Unlt/L^dfora 

Pit  Slt« 

Loc4l  P^«nt 

Ii4tarl4l 

CllDI4t« 

Region , 

Location 

CoordlnaLds 
(Israel  Grid) 

Brown  AlluTlal 

Soil 

AlluvUl 

T«rr4ca 

Lu««r 

Ll44n  Marl 

Arid 

(130) 

Jord4rk  V4lley, 

1042  13b8 

Brown  Allurl4l 

Soil 

AIIutIaI  Ful 

Llaaxi  Marl 

Arid 

(IBO) 

Jordan  Vallay, 

1935  1330 

A 

C. 

Cl 

Cl 

Cl 

Cca 

IIC2 

Gruautol 

HlUilop« 

StBl'arld 

(400) 

•eatani  Xagaa 

1078  1C18 

A 

Bl 

Bj 

^2 

E2ca 

B2ca 

Gnunaol 

Plkt«*a 

LlMftcma 

Staa-arld 

(360) 

Eaitara  Saaarlan 

Moun  taint, 

Ma’ala  Elrala 

ISflS  lASb 

A 

Bl 

B2 

82 

82 

82 

Grusuaol 

ACtlTk 

Flood-plain 

- 

Fine 

AllUTlua 

HodaratalF 

Arid 

Jordan  Vallap 

1082  1703 

A; 

*3 

•  Ufl. 

itlon 

Coortlinet^a 
[Iar*®l  Grid) 

Scl. 

Dap lb . 

ca 

ElactrUM 

Conductivity, 

aAhu/cB 

GjrpauA. 

% 

Sand. 

% 

Sllt» 

% 

Clay, 

s 

Color, 

dry 

Color, 

vat 

I4:.  Val  1  u  y  . 

1542  1356 

C 

-  10 

6 . 1 

- 

60.2 

27.2 

12.4 

lOVRa/2 

10YR7/3 

1  jt 

-  30 

31.7 

- 

68.0 

26  0 

16.7 

10Y117/3 

lOYRS/4 

jO 

-  f.3 

31.7 

- 

78.2 

12.4 

8.1 

10YR7/3 

10YR6/4 

63 

-  76 

20.4 

- 

64.0 

4.0 

1.0 

10YR8/2 

10YR7/2 

76 

-  ec 

23.6 

' 

63.0 

3.8 

2,2 

1DYR7/2 

10YR6/3 

eo 

'108 

22.7 

- 

32.4 

37.8 

27  .  Q 

iom/2 

1CYR7/1 

108 

'170 

34.0 

- 

30.0 

42.2 

24.6 

lom/a 

ioYna/3 

lajk  V&I1«7 ' 

1330 

A 

0 

-  IW 

la, « 

- 

68.4 

10.4 

11. e 

10YT17/3 

lOYRB/4 

Cl 

19 

-  41- 

10.4 

70.2 

20.0 

8.3 

10YT17/3 

lOYRB/4 

Cl 

40 

-  76 

20.4 

- 

74.0 

18. 8 

5. a 

10YR7/3 

10YR6/4 

Cl 

76 

'107 

1*^.8 

- 

74.4 

18.4 

a. 4 

10YR7/3 

10YR6/4 

c. 

10/ 

-3  40 

';.3 

- 

71.6 

16.0 

11.7 

lOYTi7/3 

10YR6/4 

Cc. 

140 

-163 

16.3 

- 

22.4 

61.2 

26.2 

- 

- 

i;c. 

U3 

-100 

14  e 

- 

13.2 

61.2 

34.  B 

- 

- 

.er!i  Negev 

1070  IC'ie 

A 

0 

-  16 

0 . 6 

- 

23.0 

33.9 

42.3 

7.EYP.E/4 

7.tm/4 

Bl 

16 

-  30 

0.4 

- 

21.4 

34.7 

43.9 

- 

- 

82 

3C 

-  67 

0.6 

25.4 

34.6 

45.0 

7.6YH6/4 

7.6YT14/4 

67 

•  120 

1.7 

- 

16.0 

33.4 

60.8 

- 

- 

120 

150 

3.  0 

16.4 

33.2 

61.4 

- 

- 

®2ca 

160 

-200 

3.0 

- 

13.9 

32.7 

63.4 

6TH4/4 

kyR4/4 

.am  SimArlan 

1&«5  16&b 

A 

0 

-  10 

0.4 

- 

9.1 

31.3 

BO. 6 

6YR4/4 

BYR4/4 

lUlni, 

10 

-  40 

0,3 

- 

10.4 

28.6 

61.1 

6YR4/4 

BYT14/4 

tia  Eiraim 

B; 

40 

-  76 

0.3 

- 

10.0 

31,0 

59.0 

- 

- 

8; 

76 

-12$ 

0  4 

- 

e.  1 

31.4 

60. B 

- 

- 

Bj 

12b 

-1«6 

0.  e 

- 

6.0 

32.3 

61. 8 

BYR3/4 

Ot:..l/4 

Bj 

166 

-200 

1.0 

- 

B.4 

30.4 

81.2 

6YR3/4 

6yR3/4 

Un  Vklln/ 

ieS2  1703 

A< 

0 

-  4 

2.0 

- 

43.4 

ie.4 

38.1 

10YR5/4 

inYR4/3 

*3 

4 

-  21 

0.6 

- 

38.2 

21.4 

4C.4 

l0rR6/4 

10YR4/3 

»2 

21 

-  4$ 

0.6 

- 

24.4 

32.4 

43.2 

7.Bri!4/4 

7.BYR4/4 

8; 

46 

-  SO 

0.6 

- 

24.0 

32.6 

43.4 

7,BrR4/4 

7.BYR4/4 

Bj 

SO 

-120 

o.e 

- 

22.2 

33.8 

43.0 

7.BYRB/4 

- 

83 

123 

-IfiO 

1.6 

- 

26.4 

34.4 

40.1 

- 

- 

t 

' 

TABLE  G.a.t 

ADDITIONAL  SOIL  PROFILES  INCLUDED  IN  THE  REPORT  ~ 

SOIL  TYPES,  LOCATION,  NUMBER  OF  PROFILES. 

Soli  Typ«i  Type  of 

Phyalographte  Uniti 

Region)  Location 

Coordinates 

No.  of 

Su?flelal  Dqioatt 

Landform 

(larael  Grid) 

Profiles 

Loeaslal  Soil 

Hillilope 

lAfeatern  Negev 

0913  0822 

1 

Hillilope 

Northern  Negev,  Sde  Boker 

1270  0310 

1 

Eolian  Plain 

Northern  Negev,  Sde  Boker 

1306  0309 

1 

Drown  Loeealal  Soli 

Hillslope 

VSfestern  Negev 

lies  1184 

1 

Light  Drown  Loutlal 

Hillslope 

North  Eastern  Negev,  Qriot 

1609  0818 

1 

Soil 

HilUlope 

North  Eastern  Negev,  Qriot 

1624  0835 

1 

HllUlope 

North  Eastern  Negev,  Qriot 

1623  0830 

1 

Hillslope 

)\^stern  Negev 

1124  0P50 

1 

Badlanda 

^^feftte^n  Negev 

1012  0938 

1 

Alluvial  Terrace 

VNkatern  Negev 

0995  0897 

1 

Loeatlal  Seroaem  Soil 

Undulating  Hill 

Northern  Negev,  Tel  Arad 

1624  0751 

1 

. 

HllUlope 

Northern  Negev,  Tel  Arad 

1569  0764 

1 

HllUlope 

Northern  Negev,  Tel  Arad 

1606  0762 

2 

HllUlope 

\\e«tern  Negev 

0972  0828 

1 

HllUlope 

Northern  Nego,  Sde  Boker 

1270  0310 

1 

Elolian  Plain 

Northern  Negev,  Sde  Boker 

1310  0305 

4 

Loess 

Archeological  Site 

Central  Negev,  Makhteeh  Ramon 

1440  OOlC 

1 

Local 

Arclieological  Site 

Northern  Negev,  Tel  Arad 

1620  0767 

1 

Loess 

Archeological  Site 

Southern  Negev,  Uvda  Valley 

1464  9286 

1 

Takyr  Soil 

Playa 

Southern  Negev,  Qelura 

1560  9397 

1 

Piaya 

Southern  Negev,  Qa  En  Naqb 

1360  8915 

1 

Solonehak  Soil 

Alluvial  Fan 

Dead  Sea,  Ein  Tamar 

1846  0440 

2 

1 

Plateau  Divi<’-3 

Eastern  Samatlan  Mta.,  Ma'ale  Efraim 

1890  1640 

1 

- 

Jordan  Valley 

1972  1343 

1 

Playa 

Jordan  Valley 

1936  1587 

1 

Fifty* 

Southern  Arava,  Arvona  Playa 

1510  8950 

2  - 

Sabkha 

Eastern  Sinai,  Wadi  Khumeira 

1325  8704 

3  j 

1 

I 

Playa 

Eastern  Sinai,  Dir  Sweir 

1243  8550 

2  f 

Colluvium 

ColluviftI  Hillslope 

Western  Neg"  v,  Mount  Qeren 

1005  0400 

1  t' 

1  ^ 

Debris  Flow  Tftlus 

Eastern  Sinai,  Magrish 

1306  8690 

1  -» 

1 

J 

I 

ft- 

1 

1 

Soil  Typei  Type  of 
Surflela]  Depoelt 

Alluvium 


Reg  Soli,  Holocene 


Reg  Soil,  Plelitoc  ene 


Phyilogrophlc  Unitj  Hegloni  Location 
Landform 


Coordlnatea 
(Iirael  Grid) 


Active  Floodplain 
Active  Floodplain 
Active  Floodplain 
Active  Floodplain 
Active  Floodplain 
Alluvial  Fan 
Active  Floodplain 
Active  Floodplain 
Active  Floodplain 

Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Fan  Terrace 
Alluvial  Fan  Terrace 
Alluvia)  Fan  Terrace 
Alluvial  Fan  Terrace 
Alluvial  Fan  Terrace 
Alluvial  Fan  Terrace 
Alluvial  Fail  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Fan 
Alluvial  Fan  Terrace 
Debris  Flow  Fan 
Alluvial  Terrace 
Active  Talus 


Etead  Sea,  Natal  Ze’elim 
Central  Negev,  Makhteah  Ramon 
Atava  Valley,  Yotvata 
Southern  Negev,  Natal  Paran 
Southern  Negev,  Uvda  Valley 
Southern  Negev,  Mount  Amran 
Eastern  Sinai,  Wadi  Khmeira 
Eastern  Sinai,  Wadi  Mandara 


1845  0845 
1325  C020 
1667  0243 
1450  0708 
1470  0353 
1457  81G9 
1314  8684 
1040  8100 


Eastern  Sinai,  Bir  Sa'al 

0745  7968 

Arava  Valley,  Hatieva 

1780  0198 

Central  Sinai 

0000  9551 

Dead  Sea,  Natal  Ze’elim 

1845  0855 

Dead  Sea,  Natal  Ze’elim 

1835  0858 

Dead  Sea,  Nahal  Ze’elim 

1845  0848 

Dead  Sea,  Natal  Ze’elim 

1838  0848 

Dead  Sea,  Nahal  Ze’elim 

1845  0843 

Dead  Sea,  Nahal  Ze’elim 

1842  0847 

Dead  Sea,  Natal  Ze’clim 

1848  0830 

Centra)  Negev,  Zin  Valley 

1412  0260 

Central  Negev,  Makhtesh  Ramon 

1504  0027 

Central  Negev,  Makhtesh  Ramon 

1325  0020 

Southern  Arava,  Natal  Odem 

1508  9172 

Southern  Negev,  Tirana  Valley 

1468  9114 

Southern  Negev,  Mount  Am  ram 

1457  896U 

EasUrn  Sinai,  Wadi  Mukeibila 

1295  8665 

Eastern  Sinai,  Wadi  Mukeibila 

1290  8650 

Eastern  Sinai,  Wadi  Khuweit 

1150  8342 

Eastern  Sinai,  Wadi  Mandari 

1040  8100 

Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Plain 
Plateau-Divide 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Fan 
Alluvial  Fan 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 
Alluvial  Terrace 


Arava  Valley,  Fin  Yahav 

1742  0106 

Central  Neg.  v,  Zin  Valley 

1480  0335 

Central  Negvv,  Ziri  Valley 

1505  0340 

Central  Ncg.  v,  Makhtesh  Ramon 

1340  0040 

Aravi  Valley,  yatieva 

1730  020.i 

Southern  Negev,  Nahal  Yaalon 

1552  9428 

Southern  Negev,  Natal  Paran 

1452  9717 

Southern  Negev,  Nahal  Odem 

1504  9108 

Southern  Neg.  v,  Ti tn n a  Valley 

1460  9110 

Southern  Neg.  v,  Ns  J, a)  Yael 

1444  8895 

Southern  Negev,  Qa  En  Naqb 

1550  8924 

Eastern  Sinai,  Wadi  Mukeibilia 

1287  6678 

Eastern  Sinai,  Wadi  Khuweit 

1178  8340 

Eastern  Sinai,  Wadi  ThamiU 

1123  S362 

Eastern  Sinai,  W'adi  Aim  Ruts 

1204  8755 

No.  of 
Profllea 

1 

1 

1 

1 

I 

1 

1 
1 
1 

1 

1 

6 

2 
6 

4 
13 

5 
5 
1 

1 

2 


1 

5 

3 

2 

3 

1 

1 

2 

1 

1 

1 

1 

2 

3 
1 

4 
3 
7 
2 
1 


<J  43 


Soli  Typ«t  Typ«  of 

Physiographic  Unlti 

Rcgloni  Location 

Coordlnatca 

No.  of 

SurflcUl  Depoilt 

Landform 

(Israel  Grid) 

Profiles 

Reg  Soil,  Pleistocene 

Talui  Relict 

Central  Negev,  Makhtesh  Ramon 

1332  0041 

1 

Paved  Talus 

Central  Negev,  Makhteeii  Ramon 

1315  0018 

3 

Paved  Talus 

Central  Negev,  Makhteeh  Ramon 

1328  0042 

3 

Paved  Talus 

Arava  Valley,  Paran 

1658  9739 

2 

Paved  Talus 

Southern  Negev,  Mount  Amram 

1465  8985 

2 

Paved  Talus 

Eastern  Sinai,  Bir  Sa’al 

0745  7968 

2 

Debris  Flow  Talus 

Eaitern  Sinai,  Siket  Niqbein 

0744  7918 

1 

Paved  Talus 

Baetcrn  Sinai,  Siket  Niqbein 

0744  7918 

1 

Reg  Soli  (egeT) 

Alluvial  Terrace 

Dead  Sea,  Mittpe  Uatsation 

1835  1075 

1 

Alluvial  Terrace 

Eastern  Sinai,  Wadi  Sa’ada 

1140  8208 

3 

Paved  Talus 

Eastern  Sinai 

1233  8555 

3 

Alluvial  Terrace 

Eastern  Sinai,  Bir  Zteir 

1090  8015 

4 

Raci(rall  Talus 

Eastern  Sinai,  Bir  Zreir 

1095  8055 

2 

Hammada  Soil 

Plateau 

Eastern  Sainarian  Mis.,  Ma'ale  Efraim 

1597  0390 

1 

Plateau-Hillslope  Crest 

Central  Sinai,  Makhtesh  Ramon 

1185  9937 

1 

Rocky  Hillilope 

Central  Negev,  Mount  Lots 

1128  9912 

1 

Plalcau-Dividc 

Southern  .N\gcv,  Mount  Amram 

1460  8970 

1 

LItliosol 

Plateau-Hillslope  Crest 

Judean  IX-scrt,  Dani  Nairn  Ridge 

1715  1120 

1 

Andulating  Hill 

Dead  Sea,  Milrpe  lialiation 

1868  1085 

1 

Killslope 

Northern  Negev,  Sde  Boker 

1270  0310 

10 

Scroiem  Soil 

Alluvial  Terrace 

Jordan  Valley 

2010  1985 

1 

Gravelly  Regaol 

Sieve  Deposite  Talus 

Southern  Negev,  Mount  Amram 

1465  898.5 

1 

Debris  Flow  Talus 

Eastern  Negev,  Wadi  Khracira 

1311  808.5 

3 

Sieve  Deposit  Talus 

Eastern  Kcgi  v,  Wadi  Khnieira 

1288  8650 

2 

Saline  Urown  Clayey 

Hillslope 

Western  Negev 

1015  0910 

2 

Itegusol 

Alluvial  Sand 

Alluvial  Terrace 

Western  Negev,  Mount  Qeren 

1003  0460 

1 

Drown  Alluvial  Soil 

Hillslope 

North  Eastern  Negev,  Qriot 

1624  0830 

2 

Alluvial  Terrace 

Jordan  Valley 

1953  1467 

1 

Alluvial  Fan 

Jordan  Valley 

1925  1575 

1 

Playa 

Jordan  Valley 

1932  1584 

1 

Alluvial  Fan 

Jordan  Valley 

1947  IBO) 

1 

Grumuaol 

Plateau-Saddle 

Eastern  Samaria  Mts.,  Ma’ale  Efraim 

1860  1650 

1 

Piateau-Hillslope  Crest 

Ntfestarn  Negev 

1165  1185 

1 

Hillslope 

Western  Nrgev 

1163  1181 

1 

c;  44 
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APPENDIX  3  GLOSSARY 


Note:  The  following  termi  are  defined  for  a{^lication  in  the  context  of  the  prelent  report.  In 
•ome  cuei  the  definition!  are  not  luQcient  for  general  use.  The  emphasis  here  is  on  terrains  of 
the  hot  deserts. 


Acid  Volcanic  Rocks  Igneous  rocks 
that  have  been  poured  out  or  ejected  at  or 
near  the  earth's  surface,  haring  a  higher 
percentage  of  silica  than  orthoclase,  the 
limiting  figure  commonly  adopted  being 
80%. 

Aggregate  A  group  of  primary  particles 
intimately  bound  such  that  they  form 
secondary  units. 

A  Horizon  (in  desert  soils)  A 
mineral  soil  horiion  formed  at  or  adja¬ 
cent  to  the  surface. 

Alluvium  An  unconsolidated  sediment 
deposited  by  a  stream  or  a  river  (a  fluvial 
sediment}.  Composed  of  gravel,  sand, 
silt,  clay. 

Badlands  An  extremely  dissected 
landscape,  characterised  by  very  fine 
drainage  network,  usually  carved  in  un¬ 
consolidated  or  poorly  cemented  materi¬ 
als  such  as  silt,  clay,  shale,  chalk,  vol¬ 
canic  ash.  Lack  of  vegetation,  steep  gra¬ 
dients  and  erodible  materials  are  favor¬ 
able  enviromental  conditions  for  bad¬ 
land  formation. 

Bajada  or  Bahada  The  nearly  Sat 
surface  of  a  continuous  apron  consisting 
of  confluent  alluvial  fans  which  together 
with  the  pediment  make  up  the  pied¬ 
mont  elope  in  a  basin. 

Ballena  A  major  laridform  comprising 
distinctively  round  topped  ridgeline  rem¬ 
nants  of  fan  alluvium.  The  ridge’s 
broadly  rounded  shoulders  meet  from  ei¬ 
ther  side  to  form  a  narrow  crest  and 
merge  smoothly  with  the  concave 
backslopes. 


Basalt  A  general  term  for  dark  colored 
mafic  igneous  rocks,  commonly  extrusive 
but  locally  intrusive,  composed  chiefly  of 
calcic  plagioclase  and  clinopyroxene; 
the  fine  grained  equivalent  of  gabbro. 

B  Horiton  (in  desert  soils)  A 
mineral  soil  horison  in  which  the  parent 
sediment  or  rock  structure  and  texture 
has  distinctly  changed,  charachterised 
by:  (a)  an  illuvial  concentration  of  silt, 
clay  and  occasionly  fine  sand;  (b)  weath¬ 
ering  of  certain  minerals  and  iron 
released  as  oxides/hydroxides;  (c)  some 
new  structure  has  formed;  (d)  usually 
shows  accumulation  of  salts,  gypsum  or 
carbonate. 

Brown  Alluvial  Soil  A  brown  soil 
•■ormed  of  youn^  alluvial  deposits  in  val¬ 
ley  floors.  The  texture  is  loamy  and 
often  contains  CaCOj. 

Brown  and  Light  Brown  Loessial 
Soils  A  soil  formed  of  eolian  or  flu¬ 
vial  loess  usually  with  an  AB,.^C  or  an 
profile.  The  texture  is  sandy- 
loam,  loam  or  clay-loam.  It  contains 
CaCOj  nodules  throughout  most  of  the 
profile. 

Buried  Soil/Horizon  A  soil  or  an 
horizon  (B  or  C)  is  considered  to  be 
buried  if  there  is  a  surface  mantle  or  if 
it  is  overlain  by  a  mantle  of  new  materi¬ 
al.  (see  palesol) 

ca-Calcic  Horizon  A  soil  horison 
with  a  secondary  concentration  of 
CaCOj,  of  at  least  5%  by  weight. 

Chalk  A  very  soft,  white  to  light  gray, 
unindurated  limestone  composed  of  the 
tests  of  floating  microorganisms  and 
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■ome  bottom  dwelling  forms  in  s  mstrlx 
of  finely  erystslUoe  csleite.  Some  chnlk 
esn  be  almost  devoid  of  organic  remains. 

C  Horiion  A  mineral  soil  koriion  or  a 
layer  underlying  B  koriion  (q.v.),  uiual- 
ly  similar  in  structure  and  texture  to 
the  parent  sediment  or  rock,  but  sreatk* 
ered  and  unconsolidated. 

Clay  A  soil  or  sediment  separate  consist¬ 
ing  of  particles  <  0.002mm  in  (e- 
quivalent)  diameter.  Fine  clay  —  < 
O.OOlmm. 

Climatic  Regimes  of  the  hot  deserts 
are  here  subdivided  accordingly  to  the 
mean  annusly  precipitation  as  folows: 
(a)  seml-arld  —  400-250  mm/year;  (b) 
moderately  arid  —  250-150  mm/year; 
(c)  arid  —  150-80  mm/year;  (d)  ex- 
tremly  arid  —  <80  mm/year. 

Colluvium  Colluvium  is  the  superficial 
mantle  of  unconsolidated  rock  debris 
which  consists  of  hetrogeneous  materials 
of  any  particle  site  which  accumulate  on 
the  lower  parts  or  the  base  of  slopes. 

cs-Gypsic  Ilorizun  A  soil  horiton 
with  a  visible  secondary  concentration 
of  gypsum,  usually  more  than  5%. 

Debris  Flow  A  dense  (60-80%  solids,  by 
weight),  viscous  and  rapid  flow  consist¬ 
ing  of  coarse  particles  embeded  in  fine 
material,  it  usually  begins  on  unvegetat¬ 
ed  talus  or  colluvial  slopes  during  ex¬ 
tremely  heavy  prs'ipitation.  The  depo¬ 
sits  are  unstratified,  poory  sorted  with 
coarse  particles  matrix  supported  in 
elongated,  lobatc  forms.  Commonly 
coarse  particles  armour  the  surface  and 
form  low  ridges  (levees)  bordering  the 
flow. 

Debris  Flow  Fan  see:  Fan  —  Debris 
Flow. 

Desert  Pavement  Desert  pavement  is  a 
type  of  surficial  cover  composed  of  > 
40%  gravel,  overlying  a  fine  earth  (silt. 


fine  land,  clay)  horiion.  The  gravel  ia 
usually  mechanically  shattered  and  flat 
lying. 

Divide  A  belt  of  aeparation  between 
drainage  aystems:  the  summit  of  an  in¬ 
terfluve. 

Dolomite  A  carbonate  sedimentary  rock 
of  which  more  than  50%  consitta  of  the 
mineral  dolomite,  oi  a  variety  of  lime¬ 
stone  or  marble  rich  in  magneiium  car¬ 
bonate. 

Dune  Mound  or  ridge  of  wind  blown  (or 
eolian)  unconailidated  sand. 

Sand  dime  —  An  eolian  dune  and  a 
landform  element  built  of  sand  site 
mineral  particles. 

Stabilised  dune  —  A  non-active  dune 
stabilised  by  vegetation  and 
penetrating  airborne  dust  and  salts. 

Climbing  dune  —  A  dune  climbing  on 
a  hillslope. 

Dust  —  Desert  Dust  The  material  in 
surficial  deposits  (including  soils)  and  in 
the  atmosphere  composed  of  particles 
smaller  than  0.0625mm.  It  consists 
mostly  of  silt  sise  particles 
(0.002-0.0625mm  in  diameter)  with 
lesser  amounts  of  clay  (<0.002miu)  and 
rosy  include  some  very  fine  land 
(0.0625-0.12Smm).  Dust  can  remain  in 
suspension  in  the  atmosphere  for  long 
periods  of  time  and  be  transported  for 
long  distances. 

Electrical  Conductivity  (In  soils) 
Electrical  conductivity  is  a  measure  for 
the  concentration  of  soluble  salts  in 
soils.  Electrical  conductivity  is  recipro¬ 
cal  of  electrical  resestivity.  The  dimen¬ 
sions  are  1/ohm  cm  or  mho  per  cm.  The 
conventionally  used  units  for  soil  solu¬ 
tion  or  extract  are  millimho/cm.  The 
standard  temperature  for  reporting 
electrical  conductivity  measurements  is 
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2500. 

Fan  —  Alluvial  An  alluvial  fan  ia  a 
body  of  stream  deposits  whose  surface 
approximates  a  segment  of  a  cone  that 
radiates  downslope  from  the  point  where 
the  stream  leaves  a  mountaineoua  area. 
Alluvial  fans  have  greatly  diverse  sites, 
elopes,  types  of  deposits  and  source-area 
characteristics.  They  ate  most 
widespread  in  the  dried  pacts  of  the 
world, 

Kan  -  Debris  flow  An  accumulation 

of  debris  brought  down  by  a  debris  Bow 
descending  through  a  steep  raving  and 
debouching  in  the  plain  beneath  where 
the  detritial  material  spreads  out  in  the 
shape  of  a  fan. 

Fine  Earth  The  textural  separate  of  the 
soil  which  includes  sand,  silt  and  clay. 

Flint  (Chert)  A  hard,  extremely  dense 
or  compact,  dull  to  soinivitreous  micro¬ 
crystalline  or  cryptocrystalline  sedi¬ 
mentary  rock,  consisting  dominantly  of 
interlocking  crystals  of  quarts.  It  may 
contain  amorphous  silica,  and  impurities 
such  as  cslclte,  iron  oxide  and  remains 
of  siliceous  and  other  organisms. 

Flood  Plain  A  geomorphic  feature 
I'orined  by  strcam/rlver,  it  represents  the 
area  in  which  the  stream/river  flows, 
erodes  and  deposits  in  time  of  flood.  A 
flood  plain  is  composed  of  channel  and 
overbank  deposits. 

Granite  A  term  loosely  applied  to  any 
light  colored  coarse  grained  plutonic 
rock  containing  quarts  as  an  essential 
component,  along  with  feldspar  and 
mafic  minerals. 

Gravel  Sediment  or  soil  particles  coarser 
than  2tnm  in  diameter.  Subdivision  of 
grave):  granule  -  2-4mm;  pebble  - 
4-64mm;  cobble  -  6l-256ram;  boulder  - 
>250nim. 


Grus  Angular  fragments  of  crystal  grain 
site  produced  locally  by  weathering  of 
coarse  crystaline  rocks,  frequently  gran¬ 
ite. 

tiammada  A  shallow  soil  developed  in 
situ,  usually  on  hard  bedrock  on  gently 
sloping  terrains,  covered  by  angular  rock 
fragment.  The  profile  includes  ABli, 
ACR,  or  ABCR  horisons  (often  gypaic  or 
saline). 

Hillsl  ope  The  inclined  surface  of  a  hill, 
mountain  plateau,  plain  or  any  part  of 
the  surface  of  the  earth.  Slope  is  also 
the  angle  at  which  such  a  surface  devi¬ 
ates  from  the  horisontal. 

Holocene  (Recent)  An  epoch  of  the 
Quaternary  (q.v.)  period,  from  the  end  of 
the  rieistocenc  (q.v.),  approximately 
10,000  years  ago,  to  the  present  time. 

Igneous  Rocks  A  rock  that  solidified 
from  molten  or  partly  mollcr.  .materiel, 
i.e.  from  magma. 

Linoestonc  A  sedimentary  rock  consist¬ 
ing  chiefly  (more  than  50%)  of  calciuni 
carbonate,  primarily  in  the  form  of  the 
mineral  calcite,  and  or  without  mag¬ 
nesium  carbonate. 

Lithoso)  A  shallow  soil  with  no  well 
developed  AG,  AC;R,  C  or  CR  horisons. 
Usully  formed  on  soft,  friable  bedrock, 
often  gravelly  and  saline. 

Loctm  Soil  material  or  deposit  which  con¬ 
tains  7-27%  clay,  28-50%  silt,  <5297 
sand  (sec  figure  1C  in  chapter  C.l). 

Loess  Material  transported  and  deposited 
by  wind  and  consisting  of  predominant¬ 
ly  sill  with  some  very  fine  sand  and  clay 
particles. 

Locssia!  Serozern  Soil  A  soil 
developed  of  loess  parent  material.  Very 
Light  brown  or  yellowish  brown  in  color, 
usually  sandy  loam  or  loam  in  texture. 
Contains  carbonate  nodules  and  at  depth 
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gyptum  »nd  laltt. 

Loessial  Soil  A  loil  dmloped  from 
locM  parent  matarUl.  In  many  catea  it 
form!  on  alluTial  lotva,  darieed  from  pri¬ 
mary  eolian  dcpoaiti.  Th«  taxtur*  ia 
loam,  silty  loam  or  fine  sandy  loam. 

Marl  An  old  term  loosely  applied  to  a 
variety  materials,  moat  of  which  occur 
as  loose,  earthy  deposits  consisting 
chiefly  of  an  intimate  mixture  of  clay 
and  calcium  carbonate,  formed  under 
marine  or  freshwater  conditions. 
35-05%  clay;  05-35%  carbonate. 

Mctamorphic  Rocks  Any  rock 
derived  from  pre-existing  rocks  by 
minerologicsl,  chemical  and/or  struc¬ 
tural  changes,  essentially  in  the  solid 
slate,  in  response  to  marked  changes  in 
temperature,  pressure,  shearing  stress 
and  chemical  environment,  generally  at 
depth  in  the  Earth’s  crust. 

Paleosol  soil  which  have  formed  in 
landscapes  of  the  past  (sec  also  buried 
soil/horiion). 

Plain  A  region  of  general  uniform  slope, 
comparatively  level  of  considerable  ex¬ 
tent,  and  not  broken  by  marked  eleva¬ 
tions  &  depressions:  it  maybe  an  exten¬ 
sive  valley  floor  or  a  plateau  summit.  A 
plain  is  here  deflned  as  an  extensive  area 
having  relief  <  20m  and  gradients  of 
<10“. 

Plateau  A  relatively  elevated  area  of 
comparatively  flat  land  which  is  com¬ 
monly  limiied  on  at  least  one  side  by  an 
abrupt  descent  to  lower  land. 

Playa  An  ephemerally  flooded  usually 
barren  area  on  a  hasln  floor  that  ia 
veneered  with  fine  textured  sediments 
and/or  salts.  Acts  as  a  temporary  or  the 
final  sink  for  drainage  water. 

Pleistocene  An  epoch  of  the  Quater¬ 
nary  (q.v.),  between  the  Pliocene  of  the 
Tertiary  (q.v.)  and  before  the  Holocene 


(q.v,).  It  began  approximately  1.8  million 
yeart  ago  and  lasted  until  the  Holocene 
came  10,000  years  ago. 

Quaternary  The  second  period  of  the 
Cenosoic  era,  following  the  Tertiary.  It 
begiin  approximately  l.S  million  years 
ago  and  extends  to  the  present.  It  con¬ 
sists  of  ths  Pleistocene  (q.v.)  and  the 
Holoc-ne  (q.v.)  periods. 

Regusol  A  deep  soil  with  AC  or  C  hor- 
isons,  formed  from  unconsolidated 
parent  material,  usually  on  hillslopes. 

R  Horiion  Continuous,  unweathcred  sed¬ 
iment  or  bedrock. 

Reg  Soil  A  soil  with  ABC,  AC  or  ABR 
horisons.  Veneered  by  desert  pavement 
and  containing  at  shallow  depth  gypsic  , 
salic  or  calcic  horisons.  It  developcs 
from  coarse  desert  alluvium  or  colluvi¬ 
um,  under  an  arid  to  extremely  arid  cli¬ 
mate. 

Riser  A  steeply  sloping  surface  of  one  of 
a  series  of  natural  step-like  landforms, 
as  those  of  successive  stream  terraces. 

Sabkha  A  term  used  on  the  Arabian  Pen¬ 
insula  For  a  salt  flat  or  low  salt  encrust¬ 
ed  plain  restricted  to  a  coastal  area,  a.v 
along  the  Persian  Gulf. 

Saddle  A  low  point  on  a  ridge  or  cre.^t 
line,  generally  a  divid  between  the  heads 
of  streams  flowii  ;  in  opposite  directions. 

Sand  Soil  or  sediment  particles  between  2 
and  0.0625mm  in  diameter.  Fine  sand 
<0.250mm. 

Sandstone  A  cemented  or  otherwise 
compacted  detrital  sediment  composed 
predominantly  of  quarts  grains,  the 
grades  of  the  latter  being  those  of  sand. 

Sandy  Regosol  A  deep  soil  with  AC  or 
C  horisons  formed  from  unconsolidated 
sand.  A  horiion  is  light  in  color  and 
contains  small  amount  of  organic  ma¬ 
terial. 
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Smuly  Soil  Sandy  soil  is  a  soil  which  in¬ 
cludes  sand  as  a  major  textural  com¬ 
ponent.  Such  soil  is  rather  diversified  ac 
cording  to  the  pcdogenic  processes  in¬ 
volved. 

H.t  -  S.'llic  Horizon  A  soil  horison 
with  a  visible  secondary  concentration 
of  soluble  salts  (frequently  chlorides), 
usually  containing  more  than  2%  of 
salts. 

Serozeiii  Soil  A  soil  with  ADC  or  ABB,, 
horitons,  usually  light  in  color. 
Contains  at  shallow  depth  a  calcic 
and/or  gypsic  horizons. 

Sha.lc  A  line  grained  sedimentary  rock, 
formed  by  the  consolidation  of  clay,  silt 
or  mud.  It  is  characterized  by  finely  lam¬ 
inated  structuie,  which  imparts  a  fissili- 
ty  approximately  parallel  to  the  bed¬ 
ding.  It  normally  contains  at  least  50% 
sill  with  35%  "clay  or  fine  mica  fraction" 
and  15%  chemical  or  authigenic  materi¬ 
als.  It  is  generally  soft  hut  sufliciently 
indurated. 

Sieve  Dopo.sifc  Coarse  grained  lobate 

masses  on  an  alluvial  fan  and  talus 
whose  material  is  sufficiently  coarse  and 
pcrrneahle  to  permit  complete  infiltra¬ 
tion  of  water  and  dust. 

Silt  A  soil  or  sediment  separate  consisting 
of  particles  between  0.0825  and 

0.002ni!n  in  (equivalent)  diameter.  Fine 
silt  <  0.016mm. 

Soil  Horizon  A  layer  of  soil  differing 
from  .adjacent  genetically  related  layers 
ill  variou  j  properties  (physical,  chemical, 
hiologic.il,  structure,  texture,  color). 

Soil  Profil  C  A  soil  profile  consists  of  the 
vertical  arrangement  of  all  the  soil  hor¬ 
izons  (q.v.)  ilown  tci  the  parent  material. 

Soil  (Dcpo.sit)  Texture  see:  Texture 
of  Soil,  Deposit. 


Soloric.ha.k  A  soil  containing  high 
quantities  of  salts  especially  in  the 
upper  horisons.  Develops  In  playas  and 
sahkhas  where  saline  groundwater  level 
is  shallow. 

Tallis  Talus  is  here  defined  as  a  debris 
mantle  on  a  hillslope  or  at  its  foot, 
formed  by  rockfall,  slope  wash,  debris 
flow  or  creep.  It  assumes 
dilferent/variouB  forms:  an  apron  at  the 
fool  of  a  clilT;  a  cone  at  the  mouth  of  a 
gully  or  a  small  ravine. 

The  types  of  talus  slopes  in  the  present 
report  are:  rockfall  talus,  debris  flow 
(q.v.)  talus,  paved  (by  desert  pavement, 
q.v.)  talus  and  sieve  deposit  (q.v.)  talus. 

Takyr  A  fine  textured  soil  developed  on  .i 
playa  surface  without  a  watertable  clo.so 
enough  to  the  surface  to  permit  salt 
crust  to  appear.  It  usually  has  a  slightly 
to  moderately  saline  subsoil. 

Terrace  —  Alluvial,  Rock-cut 
An  abandoned,  inactive,  stream  channel, 
flood  plain  or  alluvial  fan. 

Alluvial  Terrace  —  a  stream  terrace 
composed  of  unconsolidated  alluvi¬ 
um. 

Rock-cut  Terrace  —  a  terrace,  usually 
cut  by  a  stream  in  bedrock. 

Tertiary  The-firf.  ,  ;riod  of  the  Ceno- 
zoir  era,  betwee.-.  the  Mesozoic  and  the 
Quaternary;  covered  the  span  of  time 
between  6.5  and  1.8  million  years  ago.  It 
is  subdivided  into  five  epochs:  the  Palco- 
cene,  Eocene,  Oligocenc,  Miocene  anil 
Pliocene. 

Texture  of  soil  or  deposit  A  meas¬ 
ure  of  the  size  of  the  particle  com¬ 
ponents  and  the  particle  size  distribu¬ 
tion  (see  figure  C.!.!,*;  in  chapter  C.l). 

Tread  'J'he  flat  or  gently  sloping  surface 
of  one  of  a  series  of  natural  step-lik.’ 
landfornis,  as  those  of  successive  stream 
terraces. 
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G.6  1»LATES 


PLATE  1 

A  Typietl  landform*  of  diaiected  Hme«ton«  terraini  (north«n  Negev): 

(1)  Crest. 

(2)  Rocky  hillslope. 

(3)  Interchanging  rocky  learpieta  with  loess  covered  benches. 

(4)  Colluvial  footslope. 

(5)  Dissected  colluvial  -  alluvial  811. 

B  A  portion  ot  tue  Negev  on  a  satellite  imagery.  Note  several  broad  landscape  types: 

(1)  Loessial  terrains. 

(2)  Done  8elds. 

(3)  Dissected  limestone  terrains. 

(4)  Alluvial  plaint. 

(5)  Limestone  plateaus. 


PLATE  3 

A  A  ilkbillicd  land  dune  (1)  orarlaiB  by  an  activa  climbing  duna  (3)> 

Mt.  Qaran,  nortbwattarn  Nagar. 

B  An  activa  duna  with  ripplas  climbing  ovar  tba  ruina  of  Byaantina  RaKovot  in  tha 
northwaatern  Nagav. 

C  Longitudinal  dunaa  along  tba  eoaat  of  nortbaaatarn  Sinai. 

D  Locaa  ovarlying  chalk  in  tha  northcn  Nagav. 

Note  tha  thickar  loaaa  mantle  on  tba  north  facing  hillalopa  (rigkthand  aide  of  tha 
photo), 


PLATES 

A  Tbi  pUf k  or  Qa  EB'Naqb)  loutharB  N«|av,  larrouadad  bj  ailuvlal  fanii  Takpr  lolli 

ebaraotariH  tka  plapa  aurfata. 

B  A  pUpa  bordarad  bp  alluvial  fana  (aoulbarn  Arava  Vallap). 

(1)  Old  alluvial  fana  maallad  bp  Ragloila. 

(S)  Aativa  alluvial  fan  —  aand  and  graval. 

(S)  OttUr  plapa  lona  (vagataUd)  —  alltp  aand  and  tand. 

(4)  Tranaltloa  aona  —  aandp  alU,  aallna  and  gppalfaroua, 

(8)  Innar  plapa  loaa  —  aandp  and  alltp  alapt  hlgklp  aallna  and  ippalfaroui. 

0  Soft,  puffp  and  wat  illlp-elapap  plapa  aurfaea. 

Avrona  plapaiioutharn  Arava  Vallap. 

D  Soft,  puffp,  hlgklp  aallna  and  atarlla  Innar  plapa  lona. 

Avrona  plapa,  loulharn  Arava  Vallap. 


PLATE  4 


A  (1)  Allurisl  lurface*  of  different  Quaternnry  ngen  mnntUd  by  R«g  loiln. 

(2)  The  exteniive  pUyn  of  Al  Jnfr. 

Southern  Jordan. 

B  Holocene  allurial  lurfacet  of  Naltal  Uever,  draining  into  the  Dead  Sea. 

C  Alluvial  lurfacet  of  different  agei; 

(1)  Pleiitocene  lurfacei  with  a  well  developed  deicrt  pavement  over  a  imooth  lur- 
facc. 

(2)  Holocene  turfacei  with  a  gravel  bar  and  twale  morphology. 

(3)  Active  floodplain. 

Timna  Valley,  eouthern  Negev. 

D  OUaected  alluvial  fani  with  rounded  and  narrow  ridgei  -  ballenaa. 

Nah.al  Roded,  louthern  Arava  Valley. 


PLATE  5  . 

Th«  compl**  »lluvi*I  Un  of  W*di  W^ttir.  «4,Urn  Sln^i: 

(1)  Alluvial  f*ft  compoMd  primarily  of  graval  and  tand. 
(2J  A  belt  of  active  land  dunei. 

(3)  Coaital  sabkha. 


Surbcial  patterns  of  alluvial  fane  (Eastern  Sinai): 

(1)  Pleistocene  eurfacea.  imooth  with  a  well  developed  desert  pavement. 
2  lo  ocen,  .urfa«.  w.th  well  pre.erv.d  gravel  bar.  and  awalei. 

(3)  Active  floodplaini. 


PLATE  B 

A  Debris  flow  fan  surfaces  of  Holocene  age,  composed  of  sieve  deposits 
South  of  Wadi  Mukeibila,  eastern  Sinai. 

H  A  debris  flow  fan  of  Holocene  age,  composed  of  sieve  deposits. 
Eastern  Sinai. 

C  Recently  deposited  sieve  deposits. 

Wadi  Naseb,  eastern  Sinai. 

D  A  recently  deposited  debris  flow  with  sieve  deposits  at  the  surface. 
Wadi  Naseb,  eastern  Sinai. 


PLATE  r 


Soffl*  laadformi  •iioeiaUd  with  m&Jor  ••c«tpin«at*t 

A  (1)  A  pUUan  with  Uammadt  (ollt. 

(3)  Tklut  rtlleti,  compoaad  of  dobrit  Cow  dtpoilti  maatltd  bj  R«g  lolli. 

(3)  Traniltion  betwion  taint  and  bajada«  maaticd  b/  Rag  loilt. 

(4)  Mlddlt  Plaittoetna  alluTlat  fan  tarracaa  with  Rag  aollt. 

(6)  A  lata  Quatarnary  allnvial  fan  tatraca  with  Rag  toll. 

Makhtaih  Ramon,  etatral  Nagav. 

B  An  actira  taint  tlopa.  Nota  raeaatlj  aetlaa  dabtlt  Iowa.  South  of  Wadi  Mukaibila, 
aattarn  Sinai. 


PLATE  8 


A  (1)  Hillcreit  fl&t  with  HftmEnadk  toil. 

(2)  Limestone  benches  with  loessinl  Serosem  soils  ftnd  Lithosols. 

(3)  Footslope  colluvium  with  calcic  and  gjrpsic  lossial  soils. 

Nitsana  area,  western  Negev. 

B  An  undulating  high  plateau.  The  soils  are  highly  clayey  and  calcic. 

(1)  Hammada  soil. 

(2)  Clayey,  calcic  loessial  soil. 

Mt.  Katerina,  southern  Sinai. 

C  Talus  slopes  composed  of  rookfall  debris  and  sieve  deposits.  The  bedrock  lithology 
is  rhyolitic  quarti  porphyry. 

Mt.  Amrara,  Southern  Negev. 

D  Talus  slopes  at  the  foot  of  a  large  scarp.  The  taluaes  are  composed  of  debris  Bow, 
rockfall  and  washed  grus  deposits.  The  bedrock  lithology  is  coarse  crystalline 
granite. 

Santa  Katarina  area,  southern  Sinai. 

E  Talus  slopes,  composed  of  debris  flow  and  rockfall  deposits; 

(1)  An  active  talus. 

(2)  A  talus  relict  mantled  by  talus  Reg  soil.  Bedrock  lithology  is  flint  and  marl 
layers  (Sayarim  Formation)  overlying  chalks  (Menuh.a  Formation). 

Southern  Arava  Valley  margins. 

F  Talus  slopes  composed  primarilly  of  debria  Sow  deposits. 

Note  recent  debris  flows  on  the  upper  part. 

Wadi  Mukeibila,  eastern  Sinai 


PLATE  9 


Denaelj  disiccted  and  badland  terralna: 

A  Lo«««  and  loeatial  toili  in  th«  touthern  coastal  plain  in  Israel. 

B  Chalks  and  shales  of  the  Lisan  Formation  in  the  northern  Arava  Valley. 
C  Marls  and  shales  in  the  Zin  Valley,  northern  Negev. 

D  Chalks  overlain  by  flint,  northen  Negev. 


PLATE  10 

A  Round  ttructurci  of  »b  Brchatologicnl  aite  of  Middle  Bronte  I  Age  (-4000  yeer* 
old).  The  etructure  is  pertly  filled  with  eolian  duit. 

Nitiena  Site,  western  Negev. 

B  A  cut  in  a  Middle  Bronte  I  house,  partly  filled  with  eolian  dust  and  collapse  stones. 
Be'er  Ressisim,  western  Negev. 

C  A  cut  in  a  dust  and  gravel  fill  of  an  Early  Bronie  archaeological  site  (.4500  years 
old). 

Tel  Arad,  northern  Negev. 

D  Stratified  fluvial  loess  and  gravel  fill  behind  a  dam. 

Western  Negev. 


PLATE  11 


A  well  developed  Hammftde  soil  on  s  limestone  platenu.  A  complete  cover  of  desert 
pavement  overlying  a  graveLfrce  B  horison. 

Southern  Negev 

A  Hammada  soil  profile  on  a  quarts  prophyritir  bedrock.  A  complete,  well 
developed,  desert  pavement  cover;  a  silty  vesicular  A  horison  (1  cm  thick);  the  C 
horison  (30  cm  thick)  is  composed  of  mechanically  weathered  gravel,  with  highly 
saline  and  gypsyferous  silty  sand  (including  gypsic  gravel  coatings). 

Mt.  Amram,  southern  Negev. 

A  young  Takyr  soil  in  the  southern  Negev,  composed  of  silt-loam. 

A  Pleistocene  Reg  soil  in  eastern  Sinai;  a  gravel-free  B  horison  and  a  highly  gypsi¬ 
ferous  and  saline  C  horison.  Note  the  gypsic  pebble  coatings. 


PLATE  IS 


A  StrktiGcd  klluvium  in  »  Holocene  terrnce,  compoeed  of  grnvel  end  land. 

Mt.  Amram,  touthern  Negev. 

B  Stratified  and  erote-bedded  fluvial  (1)  aanda  and  (2)  eilty  loami. 

East  of  Yotvata,  southern  Arava  Valley. 

C  Gypeum  coating  of  cobbles  in  a  Pleistocene  Reg  soil. 

Tlmna  Valley,  southern  Negev. 

D  Discontinuous  gypsum  coating  on  gravel  In  the  C  hotison  of  a  latest  Pleistocene 
early  Holocene  Haromada  Soil. 


Mt.  Amram,  southern  Negev. 


PLATE  la 


A  An  e«rl)r  Holocene  Reg  eoih  n  loeelly  well  deTcioped  deiert  perement  overljing  e 
thin  veiicnUr  lilt-lonm  A  Lorieon  (0.5  cm  thick).  B  horiion  U  grarelly  end  ilight- 
ly  teline.  C  horiion  ii  highly  grerelly,  gypeiferoni  end  inline.  Note  the  mechani- 
cnlly  weathered  gravel  in  the  C  horiion. 

NaJial  Ze’elim,  weitern  Deed  Sea. 

B  An  early  Holocene  Reg  ioil  in  Timna  Valley,  aouthern  Negev.  The  veiicular  A  hor¬ 
iion  ii  1.0-1. 5  cm  thick;  B  horiion  ii  5-10  cm  thick  and  highly  lilty;  C  horiion  ii 
gypiiferoui  and  inline,  with  a  high  proport. on  of  lalf  weathered  gravel. 

C  A  Pleiitocene  Reg  loil  on  a  high  terrace  of  Wadi  Sa’ade,  eastern  Sinai.  Note  the 
difference  between  the  highly  gypiiferoui  right  hand  side  and  the  far  less  gypsi¬ 
ferous  left  bank  side  of  the  C  horiion. 

D  An  old  polygcnetic  Reg  soil  on  a  late  Tertiary  surface.  A  thick  layout  grave  free 
silt  loam  A  and  B  horiions,  is  overlain  by  a  well  developed  desert  pavement. 
Paleocaleie  and  paleogypiic  horiions  are  observed  below  depth  of  70  cm. 

E  A  lat.'  Pleistocene  Reg  soil  with  a  petrogypsic  horiion  in  the  southern  Arava  Val¬ 
ley. 

F  A  mottled  calcic  paleosol  hurried  under  a  later  loeisial  cover  in  Nah.al(=wadi) 
Nitiana,  western  Negev. 


PLATE  14 


A  gravelly  lurTace  of  an 
pavement  development. 


early  Holocene  alluvial  fan.  An  early  stage  of  desert 


Wadi  Mukeibila,  eastern  Sinai. 


A  well  developed  desert  pavement. 

Natal  (=wadi)  Nitsana,  western  Negev. 

Plates  of  sandstone  over  sand  and  bedrock. 
Southern  Sinai. 


A  typical  Hammada  surface: 

(1)  Limestone  liedrock,  in  situ. 

(2)  Desert  pavement  over  Hammada  soil  in  pockets  . 

Western  Negev. 


I 


PLATE  IB 

A  Encrutted  debrU  mantle  on  thnlct.  The  cruet  it  compoted  of  tO-70%  clnjr,  30-40% 
tilt,  end  minor  tmountt  of  fine  itad  (<  B%). 

Northern  NegeT. 

B  Fine  angular  gravel  it  tieve  depoiited  in  an  active  alluvial  fan. 

Mt.  Amram,  aouthcrn  Negev. 

C  A  loamy  cruet  depotited  on  an  active  floodplain. 

Biq'at  Uvda,  toulhern  Negev. 


